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EDITORIAL 


THE AMERICAN NATURALIST with 1946 begins a new editorial policy. 

Originally the new plan called for a large monthly issue followed by weekly, 
eight-page, news supplements. For the present we have decided to publish only 
‘wice a month—a large issue on the first of the month, to be followed on the fifteenth 
by a 16-page, news issue. The projected change is being made because of the 
widely expressed need for prompt publication of biological news. News items of 
interest to biologists will be cordially welcomed, also articles of a less technical 
nature not exceeding 2.000 words in length. Included will be a section for Letters 
to the Editor, where current events can be freely discussed. 

The general complexion of the longer research contributions will, for the 
present, be devoted, as in the past, to Genetics and Evolution. These articles will 
appear monthly and will have as many words per year as before. 

An editorial committee will be appointed at the coming March meetings. 

Concerning the changes the editor has obtained a cross section of opinion 
through the letters received. They are so much in favor of the new plans that we 
are proceeding with great confidence. The following pages include all letters 
received to date. 

The form of this journal should appeal to individual subscribers and for the 
suecess of the journal we shall need support through a large number of subserip- 
tions. The old AMERICAN NATURALIST had‘a subscription list of shehtly under a 
thousand. The semi-monthly issue should have a subseription lst of at least 
five thousand. 

There is great need of integration in biological fields. This will be aided by 
inereasing mutual understanding through the presentation of the progress of 
new developments, including those of special interest to the biologist in political 

international matters. 
Tre AMERICAN NATURALIST will have served its purpose well by rallying the 
forces representing the biologists of the country and by serving as a mouthpiece 
that can be quoted by newspapers at large. 
The neglect of biology as a basie science has been emphasized by the fact that 
the original science bills being prepared for Congress, also the Bush Report 
ignored biologists as a group. Fortunately, a good deal of this is being correeted 
as exemplified by the article on page 17 by Dr. Robert Chambers on Reeent 
Developments in Science Legislation. The Editor urges every one who reads 
this editorial to contribute further discussions, so that the subject may be thor- 
oughly aired, making it possible for biologists to become influential in matters 
~ coming up for consideration by the Federal Government. 
z The Editor welcomes suggestions and criticisms, so that a sound editorial 
policy may be evolved having the full support of biologists. 

Mav we have your full support? 


$13622 


LETTERS TO THE EDITOR ON THE CHANGE IN POLICY 
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Tue AMERICAN NATURALIST has gained a high 
position among biological journals during its 
long and honorable history. Although its edi- 
torial orientation has been changed from time to 
time, this flexibility gives only a partial back- 
ground for your projected hazard of new for- 
tunes. It will be interesting to find whether the 
increased attention being given to science and 
seientists and the growing importance of scien- 
tific work for the general public will justify 
More precisely put, the prob- 
lem centers about the need for a_ privately 
owned and edited journal operating near a 
portion of the field oceupied by Science in its 
capacity as one of the official organs of the 
American Association for the Advancement of 
liberalism—such as was 


your enterprise. 


Science. Aggressive 
frequently shown by your distinguished father, 
the late J. McKeen Cattell, in his editorial pol- 
icy for Science—is needed now in editorial cir- 
cles even more than in the recent past. It is my 
belief that you will continue in this tradition of 
liberalism. In so doing you may expand the 
usefulness of THE AMERICAN NATURALIST and 
indirectly exert an influence on the reporting of 
news about science and scientists in other jour- 
nals and in the general press. I hope your new 
venture will succeed. 
W. C. ALLEE 


THE UNIVERSITY OF CHICAGO 


THE AMERICAN NATURALIST has had a long dis- 
tinguished career, and its various changes have 


mirrored changes in biological thought. “Your 
new proposals should make it an even more ac- 
curate reflection of current biology. I have 


every confidence that the new mutation will be 
a progressive one, rather than sub-lethal. 


EpGar ANDERSON 
MISSOURI BOTANICAL GARDEN, 
St. Lovis 


Your plan to publish intermediate weekly is- 
sues of THe AMERICAN NATURALIST strikes me 
as being an interesting and useful departure. I 
trust the effort will sueceed. I shall wish to be 
one of the subseribers. 

L. H. Bamry 


CORNELL UNIVERSITY 


I have your letter of November 8th, and I im 
greatly interested in the new plans for Titr 
AMERICAN NatTuRALIST. .I hope everything 
works out for the mutual interests of the biolo- 
gists and for you as publisher. With cordial 
personal greetings, 

GEORGE A. BAITSELI 

YALE UNIVERSITY 


I am certainly interested to hear that Tue 
AMERICAN NATURALIST Is to appear in a new 
format and to become a weekly instead of a 
monthly as it has been so long. Needless to 
say, it has my best and warmest good wishes 
for a bright and brilliant future. With kindest 
regards to you, 

T. BARBOUR 

HARVARD UNIVERSITY 

I have read with interest your announcement 
that THe AMERICAN NATURALIST is going to 
have weekly issues giving news of biological 
interest. It seems to me that there is a place 
for such a weekly publication. I find that many 
people are interested in the brief notes which 
appear in Science Newsletter, but they often ex 
press regret that several pages are not given to 
a non-technical review. In short Science News- 
letter is too brief for many readers who have a 
general interest in biology. It is my opinion 
that even many professional biologists will wel- 
come which are of a non-technical 
nature and which give an aceurate summary of 
current biological events. It is absolutely im- 
possible for a specialist to keep track of what 
is going on in the various subdivisions of biol- 


articles 


ogy to-day. 
Maurice A. BIGELow 
COLUMBIA UNIVERSITY 
Your communication concerning plans for 
changing the make-up of THE AMERICAN NAt- 
URALIST came to hand many days ago; through 
carelessness it got mislaid, and thus neglected. 
However, I do not feel my estimate (or that 
of anyone else, for that matter) on a preity- 
much unknown quantity or quality ean be seri- 
ously regarded. I easily remember the time 
when, years ago, it was decided to appropriate 


THE Naturauist for the essentially sole fune- 
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tion ol broadeasting results in the field of genet- 
ies research; that was, indeed, a fast-growing 
and leading area of biological interests at the 
time; and such procedure was probably justi- 
fied even though such use was certainly not 
what would naturally be suspected in a medium 
with such broad titular designation. At present 
that department of research, while still scientifi- 
cally important, has passed the zenith of its 
interest,—at least, as it seems to me; and the 
journal may well resume more of the nature its 
name implies. Just what character it may well 
take depends on how available the lines of in- 
formation you briefly outline are already suffi- 
ciently available in other publications. Both 
Science and its running mate, School and So- 
ciety, give much news of current happenings 
and personalities. The Scientific Monthly covers 
many topies of what you term “less technical 
nature.” Of course The Quarterly Review of 
Biology (the one originated by Pearl is what 
I mean) is confined to biological considerations, 
with special attention to an evaluation of new 
hooks. Physiological Reviews has its field; and 
there is The Journal of Ecology, as well as 
others specializing in almost every field, tropical 
medicine, parasitology, ete. However, science 
covers an almost infinite number of “facets” 
and interests; there is an infinite number of 
folks who like to write and publish. I think 
your proposed renovation of THE AMERICAN 
NATURALIST will doubtless command wide eir- 
culation on its own merits, although this im- 
mediate sentence should not be quoted without 
mention of the question mark implied in pre- 
ceding paragraphs. With all good wishes for 
success, 
R. A. BupIneTton 
WINTER PARK, FLA, 


Your plan to change the nature and scope of 
THE AMERICAN NATURALIST is of interest. There 
seems to be no adequate biological magazine 
designed for educated general readers as well 
professional Indeed, the 
highly worthy achievements in physical sciences 
during the war years may have served to obseure 
the tremendous importance of the life sciences. 
It seems to me to be a safe guess that the real 
importance of biological sciences will be appre- 
ciated from now on by large numbers of the 
reading publie. Life and its processes are of 
supreme importanee. The NAturALISt has done 
a worthy but restricted job. If you really enter 
upon your new proposal I wish for it an initial 


as for biologists. 
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and a rapidly increasing acceptance. You know 
what the problems are in making such a pro- 
posed magazine succeed financially. It can not 
succeed financially unless it sueceeds edueation- 
ally. Hence your greatest effort must be given 
toward making a magazine that is outstanding 
in quality and usability. I wish you suecess and 
herewith enter my subscription for two years, 
for which please send me a bill when and if you 
reach that point. 
Otis W. CALDWELL 
30YCE THOMPSON INSTITUTE, 
Yonkers, N. Y. 


I have your letter concerning your ideas 
about THE AMERICAN Naturauist. I heartily 
subscribe to the revamping of the Journal and 
I am sure it would fill a great need in the bio- 
logical world. I see no reason why such changes 
would not meet with enthusiastic reception on 
the part of the society. I shall be glad to con- 
tinue serving as a member of the Editorial 
Committee. 

J. H. 


STATE UNIVERSITY OF JOWA 


I think that the format of TH& AMERICAN 
NaTurAList fulfils a useful purpose, and I am 
very glad to contribute, if and when I am able 
to do this. The only embarrassing point is that 
“expressing good wishes” seems to mean a new 
subseription—and while I definitely do wish you 
good luck, I am not at all sure that I should 
enter a subscription. However, that is not pro- 
posed at present, and I shall leave the subject 
by expressing good wishes. 

S. C. Brooks 

UNIVERSITY OF CALIFORNIA, 

BERKELEY 


I am greatly interested in your plan for the 
future of THe AMERICAN NATURALIST. For 
many decades this journal had oceupied a 
unique position among biological publications as 
one which every biologist could read from cover 
to cover with profit and satisfaction. At the 
present time, when the several biological fields 
are being narrowed and multiplied, a journal of 
this kind is particularly valuable. I wish you 
all success. 

CHARLES T. BRUES 

HARVARD UNIVERSITY 


I am very interested in your plans for a re- 
vamping of THE AMERICAN NATURALIST, by 
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which a large monthly and brief weekly issues 
will be produced. The weekly issues, concerned 
with news of biology and biologists, will be 
something entirely new, and should prove to 
be of value to all biologists. I am looking for- 
ward to this new source of information concern- 
ing biologists and their work with crest interest, 
and extend to you my most cordial wishes for 
success In your venture. 
ASA C. CHANDLER 
THE Rice INSTITUTE 


Thanks for vour letter about THE AMERICAN 
NatTvRALIst. I think your plan is worthwhile 
and [ will expeet that this journal in its new 
form will fill a needed place in biological litera- 


ture. I hope it will sueceed. 


Henry A. CHRISTIAN 
BROOKLINE, MAss., 


I am very much interested in your proposed 
weekly issue of THE AMERICAN NATURALIST, for 
I believe there is a need of such a journal. At 
the present time the interest in the physiological 
and medical aspects of biology overshadows both 
zoology and botany in their more simple aspects, 
what may well be ealled their natural history as 
well as their systematie side, and I hope that 
your plan may work out to meet this need. 
There is real danger that in the ever-widening 
fields of applied biology we shall overlook or 
ignore the animals and plants that make up the 
biological world. A journal such as you pro- 
pose ought to be a real help in saving us from 
such a blunder, With the best of wishes for the 
sueeess of your undertaking. 


Hunert LYMAN CLARK 
HLARVARD UNIVERSITY 


Your letter of November 20, about THE 
AMERICAN NATURALIST, leaves me somewhat 
puzzled. I do not, at this time, quite under 
stand the purpose of the weekly issue. Would 
there be enough news to justify it? And who 
are the biologists? Judging by the current 
journals, they are understood to be the labora- 
tory men, and others are little regarded. I have 
always felt with regard to Science that it was a 
pity that (owing to the limits of space) so many 
eood books failed to be reviewed. I don’t know 
whether the new THe AMERICAN NATURALIST 
will help in this matter. It may be that you are 
beginning a service which will be of great value 
As for myself, I 


and importanee. I hope so. 
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no longer pretend to keep up with biological 
literature and events, as I used to do. 


THeopore D. A. COCKERELL 
UNIVERSITY OF COLORADO 


It will be a pleasure to receive a few copies 
of your new weekly THE AMERICAN NATURALIST. 
I shall then be able to write you a letter about 


the new plan. It sounds good. 


H. 


RUTGERS UNIVERSITY 


Of course you have my good wishes for the 
new THE AMERICAN NATURALIST, although I do 
not feel that I am closely enough in touch with 
the history of this journal nor with your plan to 
be able to write you a letter that could be use- 
fully printed. I regret very much that owing 
to extreme pressure of work I am having to 
decline practically all the requests I receive to 
write or speak for various groups and publica 
tions at the present time. With best wishes, 


GEORGE W. Corner, M.D., Director 
CARNEGIE INSTITUTION OF WASHINGTON, 
BALTIMORE, Mp. 


Your letter of November 20 in regard to 
changes in the editorial policy of THE AMERI- 
CAN ‘NATURALIST has been received. I was very 
much interested in your proposed changes in 
this journal and wish you every success in your 
new venture. 

W. W. Corr 


THE JOHNS HOPKINS UNIVERSITY 


I am interested to learn that you are planning 
a change in THE AMERICAN NATURALIST, both in 
frequency of issue and in contents. The weekly 
issue containing news of biologists and of bio- 
logical interest will certainly be helpful. And 
the larger monthly issue can, under your skilled 
guidance, play a very important part in bring- 
ing home to the more thoughtful people in this 
country the rdle of the life sciences in the kind 
of civilization that is upon us. You have great 
inherited talent in such matters and I predict 
for the new THE AMERICAN NATURALIST a lone 
life of great usefulness to many. 


K. 


CowpRy 
WASHINGTON UNIVERSITY 


I was mueh interested in reading of the new 
plans for THe AmerIcAN Naturauist. They 
sound very exeellent and I hope and trust that 
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ll that you have visualized will come true. 
Please accept my very best wishes for the future 
of the new THE AMERICAN NATURALIST and may 

continue to be one of the best publications 
With best 
wishes to you personally for a Happy Christmas 
and a Prosperous New Year, I am, 


pon the subjects of which it treats. 


Cuas. F. Craia, 
Colonel, U. S. A rmy, Retired, 
Editor, The American Journal of 
Tropical Medicine 


Your father used to remark frequently when 
we were introducing or being introduced at sei- 
entific meetings that he and I were “sort of 
cousins”; the fact of the matter was that he was 


a second cousin of the second wife of Mrs. 
Curtis’ uncle. I always appreciated his very 
friendly attitude toward me, which was mani- 
fest on many occasions and began when I really 
became acquainted with your father and mother, 
the summer you were all at Woods Hole and 
when Eleth and McKeen took the Invertebrate 
Course. I have mailed my check in payment of 
subscription to the enlarged Naturauistr. I 
want to congratulate you upon the plan. In 
view of the Cattell genius for making a success 
of pubiications, financially as well as editorially, 
[ am sure the new venture will sueceed. With 
personal regards, 
W. C. Curtis 
UNIVERSITY OF MISSOURI 


This is a bit delayed answer to your letter of 
November 3d in re THE AMERICAN NATURALIST. 
[ can only wish you success in your new under- 
taking, or rather in the new modification of the 
old undertaking. Although your letter is too 
laconic to give a clear idea of exactly what the 
new NATURALIST will be like, the general fea- 
I shall be 
glad to be helpful to you as a member of the 
editorial committee. 


tures of the project appeal to me. 


TH. DoBZHANSKY 
COLUMBIA UNIVERSITY 


I was delighted to learn that, startine Janu- 
ary Ist, THE AMERICAN NATURALIST will become 
a weekly journal. I should like to take this op- 
portunity to extend to you my very best wishes 
for the success of the new THE AMERICAN NAT- 
URALIST. 

VINCENT DU VIGNEAUD 


CORNELL UNIVERSITY MEDICAL COLLEGE 
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I am distressed at the gross change in policy 
for THE AMERICAN NATURALIST. I see no rea- 
son for overlapping the functions of Science in 
editorial policy. Your form letter strongly sug 
vests an attempt to turn THe AMERICAN NaAt- 
URALIST into a popular scientifie journal with 
probable loss of standards in the field of evolu- 
tion. It looks like an attempt to make money 
without considering the place of the journal in 
scientific fields. In my opinion, THE AMERICAN 
NatuRALIst has been the leading journal in the 
field of evolution. No other journal takes its 
place. Other journals do fill the need for gen 
eral scientifie news and general popular articles. 
One of my prime interests is the field of evolu- 
tion. I suspect that I shall not care to subscribe 
to THe AMERICAN Naturauist if the policy is 
changed along the lines you have laid down. 
I shall make my determination after examining 
the first issues. 

ALFRED EMERSON 


UNIVERSITY OF CHICAGO 


Your plan for a new AMERICAN NATURALIST 
sounds splendid. A magazine of general infor- 
mation for all biologists should find a very wel- 
come spot. Good wishes to you in vour new 
departure. 

THoMAS FRANCIS, JR. 


UNIVERSITY OF MICHIGAN 


The proposed expansion of THE AMERICAN 
NATURALIST to include brief articles on topics 
of general biological interest will presumably 
infuse new life into our venerable journal which 
never yet has faltered in attacking problems of 
growth and evolution. Now, while biology is 
rapidly expanding its scope, readers of the 
NATURALIST, in my opinion, will welcome these 
proposed sidelights, which may help to keep in 
view the whole evolutionary field. 


JoHN HH. GEROULD 


UNIVERSITY OF NEW HAMPSHIRE 


I am interested to learn of your plans to 
enlarge the scope of THE AMERICAN NATURALIST, 
In these nuclear days and in days yet to come, 
the life sciences have an important social role. 
A journal which takes in the whole realm of 
biology (not excluding the human infant!) ean 
perform a constructive public serviee. All good 
wishes to your undertaking. 

ARNOLD GESELL 

YALE UNIVERSITY SCHOOL OF MEDICINE 
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Your plan to make THE AMERICAN NATURAL- 
Ist representative of all biologists is an excel- 
lent idea. General and shorter articles which 
you are planning to publish in the weekly issues 
will be tremendously appreciated by those of 
us who find it difficult to follow the more tech- 
nical advanees in genetics and evolution. The 
new THE AMERICAN NATURALIST will, no doubt, 
be welcomed and supported by a great number 
of biologists. I wish you the very best of suc- 
cess in your venture. 

ROBERT GESELL 

UNIVERSITY OF MICHIGAN 


Thank you for your letter. It is a good thing 
to try something new and I wish you good sue- 
cess. The old friends and contributors to THE 
AMERICAN NATURALIST will of course appraise 
the pudding at the time of eating it. Let us 
hope that we are in for a fine treat. 

R. B. 

UNIVERSITY OF CALIFORNIA 


The natural history of an animal or plant, 
that is, a study of its life as lived in the wild 
among its friends and enemies, is fundamental 
for all other work in botany or zoology. I have 
long felt that the greatest need for a scientific 
publication in the United States was for one 
which would publish high-grade natural history 
notes and articles. THE AMERICAN NATURALIST 
in the old days met that need. It then back- 
slid into genetics and heredity. I am glad to 
see that it is recovering. The natural history 
section of the new NaturAList will go far 
toward meeting the need that has long existed 
and I wish you the greatest success in this your 
venture. 

E. W. GupceEr, Librarian, 
Dean Memorial Library 
AMERICAN MUSEUM OF NATURAL HISTORY 


There is need for such a journal as that which 
you propose. It should receive whole-hearted 
support from a large number of biologists. I 
wish you the suecess which it deserves. 

Frank A. HARTMAN 

THE OHIO STATE UNIVERSITY 


I should like to write you a letter expressing 
good wishes for the new THe AMERICAN NAT- 
URALIST. However, I am not sure that I like 
the idea of a weekly journal containing news 
of biologists and articles of too popular a na- 
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ture, especially if it is also to carry technical 
articles on genetics and evolution. I believe I 
would prefer to see it continued under its old 
poliey. 
Newton Harvey 
PRINCETON UNIVERSITY 


The publication of THE AMERICAN NATURALIST 
as a weekly journal, containing current infor- 
mation in the biological field in addition to 
longer articles of the same broad scope as in 
the past, should make the journal of even 
greater interest to its previous readers. As a 
subseriber to the journal for over thirty years 
I am glad to join with others in best wishes to 
you and THE AMERICAN NATURALIST. 

H. K. Hayes 


UNIVERSITY OF MINNESOTA 


I wish I knew what to say in answer to your 
letter about THE AMERICAN NATURALIST. Quite 
truthfully, I haven’t looked inside the covers of 
the NATURALIST for several years, assuming that 
it was mostly concerned with genetics and evo- 
lution. Are you proposing in the transformed 
journal to print general articles of a kind that 
we discussed, and are you planning to use this 
as competition to Science? If you are, my 
euess is that you will deliberately have to solicit 
articles from specific individuals on specific 
topics. In any event, good luck to you on your 
new venture and may it do something to knit 
the scattering branches of biology into a more 
continuous texture. 

Hecut 

COLUMBIA UNIVERSITY 


I was very much interested in the contents 
of your letter of November 27th and your re- 
vised plans for THE AMERICAN NAtTuRALIST. I 
see a real possibility in this plan. As the jour- 
nal becomes more and more cosmopolitan in its 
acceptances it may serve as a unifying organ 
for the biologist. I wish you every possible 
success in this venture and hope that contrib- 
utors in every sub-field within the biological 
sciences will take advantage of this opportunity 
to present general contributions of a less tech- 
nical nature to their colleagues in other fields. 

LrigH HoapLEy 

HARVARD UNIVERSITY 


Tam pleased to learn of your plan for enlarg- 
ing the scope of THe AMERICAN NATURALIST. 
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\Ve need more facilities for the publication of 
nontechnical articles of general scientifie inter- 
est. I wish you every success in your new enter- 
prise. 
S. J. Hotmes 
UNIVERSITY OF CALIFORNIA, 
BERKELEY 


I have your note of November 27th, and thank 
you for including me among the men to whom 
you have written. I think your plans for THE 
AMERICAN NATURALIST are mighty good and I 
wish you every success. I am quiet here in 
Bronxville, at the age of 88, but I expect to go 
back to Washington in the fall. I will keep 
you posted as to my address. 

L. O. Howarp 

BRONXVILLE, N. Y. 


The news regarding the publication policy of 
THe AMERICAN NATURALIST is interesting and 
good, and I appreciate your writing on the sub- 
ject. I think the idea to be an excellent one in 
principle and in detail. I, of course, will con- 
tinue my subseription and I think most other 


I shall be 


happy to continue to serve on the editorial com- 


present subseribers will do likewise. 


mittee and suppose other committee members 
will do likewise. 
Cart L. Hupess 
SCRIPPS INSTITUTION OF OCEANOGRAPHY 


Your description of the new plans for THE 
AMERICAN NATURALIST suggest to me that it will 
be a journal which will fill a broad and impor 
tant need. I wish it much success. 

TRUMAN LL. KELLEY 

ITARVARD UNIVERSITY 


I am indeed pleased to learn that Tue AMERI- 
CAN NATURALIST is to be inereased in both size 
and frequency of issue. I sineerely hope that 
you will be able to run a journal of semi-popu- 
lar nature, making available to the general pub- 
lic the progress in biological seience in a fashion 
whieh will gain a greater support for this work 
from the publie, as well as keep them informed 
as to the nature of progress in the field. I ex 
tend my best wishes for your new venture. 

CARNEY LANDIS 

COLUMBIA UNIVERSITY 


We are happy to know that THe AMERICAN 
NATURALIST will be issued weekly beginning in 


January. You may be proud of this fine jour- 


nal. Here’s hoping that it will continue to your 
full satisfaction. 
CHAUNCEY D. LEAKE 
MEDICAL BRANCH AT GALVESTON 
OF THE UNIVERSITY OF TEXAS 


I am happy to congratulate you on the pro- 
posed expansion of THE AMERICAN NATURALIST, 
the oldest in America, I believe, of our strictly 
biological journals. The new venture has my 
best wishes for its success, and I am confident 
that under the aegis of the Jaques Cattell Press 
it is assured of high standards and will go on to 
still greater usefulness. 

FRANK R. LILLIE 

CHICAGO, ILL. 


The new approach for THE AMERICAN Nat- 
URALIST holds tremendous possibilities for a re- 
naissance in making scientifie biology, as c¢on- 
trasted with journalistic biology, a dynamic force. 
If we could hybridize the material in Science and 
the English periodical Nature, to afford a weekly 
exposition of things biological, it should prove a 
I trust that the new venture will not 
I also 
hope that the section on genetics and evolution 
will be retained at least in its present size. 
There is a desperate need for avenues of publi- 
cation in these two fields. They should be ex- 
panded rather than contracted. My own posi- 
tive suggestion for the fields of biology and 
genetics would be to assure a proper emphasis 


success. 
depart too widely from sound biology. 


on the applied fields of biology and genetics. A 
very lively development of these biological sci- 
ences is emerging. You should make eertain that 
these phases of biology have proper editorial 
representation and sympathy. With a sineere 
wish that the new THE AMERICAN NATURALIST 
may be born with a healthy genotype and with 
a resiliency to withstand the shocks of a chang- 
ing environment. 
K. W. Lixpstrom 
Iowa STATE COLLEGE 


Your letter of December 11 requesting me 
to write expressing good wishes for the new 
Tue AMERICAN NATURALIST received. I cer- 
tainly wish the new publication the best of luck, 
but I wonder whether the wires have not gotten 
crossed somewhere. I have never subseribed to 
THe AMERICAN NATURALIST; I am an anthro- 
pologist, not a biologist. 

LINTON 

COLUMBIA UNIVERSITY 
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I appreciate your letter of December 11 and 
I am interested to know that you are planning 
to bring out the new type ‘of journal in THE 
AMERICAN NATURALIST. Such a journal as you 
deseribe should have a wide field of usefulness. 
I shall look forward to seeing the new publica 
tion. If possible, I shall do something to, con 
tribute to its suecess. : 

EK. V. 


THE JOHNS HOPKINS UNIVERSITY 


I am delighted to learn of the new THE AMER 
ICAN NATURAL'ST, which is to be representative 
of all biologists. Many congratulations to you 
and the best of wishes for the success of the 
change in THE AMERICAN NATURALIST. 

GEORGE R. Minor 

THORNDIKE MEMORIAL LABORATORY, 

Boston 


Your plans for THe AMERICAN NATURALIST 
seem to me to promise a restoration of it to its 
When I was first a contrib- 
utor to its pages, about 50 years ago, it had long 


original purposes. 


been publishing such things as you propose: 
“News of biologists and news of biological in- 
terest.” Though I have been a regular sub- 
scriber, I have not been reading much of its 
contents for some vears, because I do not know 
the technical language in which they are so 
largely written. I wish you great success in 
your effort to make it a magazine for naturalists 
again. 
JAMES G, NEEDHAM 
CORNELL UNIVERSITY 


I thank you for your letter of December 11 
in which you tell me about your plans for THE 
AMERICAN NATURALIST. 
tion to become a contributor. 


welcome your invita 


R. M. Ogpen 


CORNELL UNIVERSITY 


This is to wish you well in your venture with 
Tue AMERICAN NATURALIST. 
WALTER W. PALMER 
PRESBYTERIAN HOSPITAL, 
NEW CITY 


I heartily agree with your plan to make THE 
AMERICAN NATURALIST a more representative 
journal for biologists by increasing its issues 
and developing its substance. The plan has my 
most sincere good wishes. 

G. H. PARKER 

HARVARD UNIVERSITY 
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[ am deeply interested in your plans for pub- 
lishing THE AMERICAN NATURALIST. The weekly 
issue feature is certain to add to the value of 
the regular monthly issue, and will be much ap- 
preciated by all biologists. May I take this 
opportunity to extend congratulations and to 
Wish you continued success. 

J. T. PATTERSON 

UNIVERSITY OF TEXAS 


I am greatly interested in your statement of 
the new plans for TH AMERICAN NATURALIST. 
[ am glad to note that you are planning to in- 
troduce a weekly issue of more or less popular 
value and with news items of interest to biolo- 
gists. It has seemed to me for some time that 
the field of biology was not at present ade 
quately represented in the journals or other 
periodicals in comparison to the interests of 
physical science. I see no reason why your ven- 
ture should not receive the unanimous approval 
of biologists and that it will be completely sue 
cessful. 

R. J. Poon 

THE UNIVERSITY OF NEBRASKA 


Please accept my best wishes for the deserved 
success of Tug AMERICAN NATURALIST in its 
new form. 

W. T. Porter 

THE HARVARD APPARATUS COMPANY, 

Dover, MAss. 


[ am much interested in your plans in regard 
to THe AMERICAN NATURALIST. I was always 
sorry it ceased to be a journal of Natural His- 
tory as it was in the old days. 


WEST VIRGINIA UNIVERSITY 


[ have your very informative letter of Decem 
ber 11th, regarding the change planned in THE 
AMERICAN NATURALIST. I have always regretted 
that this almost classic publieation ever departed 
from the broad field it originally oceupied and 
became so largely a evtogenetie journal. My 
regret I found shared by many others, to whom 
the “Naturalist” as it appeared in the days ot 
Cope was a concrete expression of what a jour- 
nal with that name should be. The name natu- 
ralist to us still has its old-fashioned flavor and 
meaning, and the pages of its issues of the 
eighties and the nineties helped to develop the 
interests which produced many scholars now 
elderly or who have already gone to their re 
ward. To one to whom THE AMERICAN NATURAL- 
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st as he knew it in the nineties was an inspira- 
tion and an incentive, I should most cordially - 
elcome the proposed change. Old-fashioned 
enough to be a naturalist in the classie sense 
of the word, I feel there is a great need for more 
journals sufficiently authoritative, and yet not 
restrictedly technical, to inform the biologists 
of many phases and angles of a great field, and 
at the same time to be readable enough to de- 
velop needed recruits for both the needed groups 
of investigators, and the equally important army 
of supporters, to which all institutions and labo 
ratories not state or foundation supported must 
turn continually for assistance. The constantly 
reiterated charge made against scientists is that 
they do not present their sciences in sufficiently 
understandable form for the intelligent and in 
terested layman to follow them. In many eases 
the indictment is justified, and our chief defence 
is that we lack media for such type of expres 
sion. When we endeavor to meet the challenge 
we are recognizing our duty to our field of work 
and to those who support, direetly or indirectly, 
that which we do. No one appreciates this more 
fully than an administrative officer of a research 
institution which must draw its support from 
the interested layman. Every means for meet- 
ing this eriticism should be welcomed and util- 
ized. I believe and sincerely trust that THE 
AMERICAN NATURALIST can be a valued means 
toward that end. 
JAMES A. G. REHN, 
Corresponding Secretary and Curator of 
Insects 
THE ACADEMY OF NATURAL SCIENCES 
OF PHILADELPHIA 


I am interested in the information contained 
in your letter to me of December 11, in which 
vou outline the change in character which you 
propose to bring about in THE AMERICAN 
NATURALIST. I am sure that my hope for the 
suecess of your effort is shared by all the bio 
logical investigators of this country. 


A. N. Ricwarps 

UNIVERSITY OF PENNSYLVANIA 
Any extension of the services earlier rendered 
by a biological journal should be welcome. 
When an extension of both publication and news 
service is provided by a journal of national and 
international seope the event should be doubly 


The end of World War II leaves us 


welcome. 


with fragmentary knowledge or with no knowl- - 


edge, of our colleagues in most parts of the 
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world. Perhaps my own favorable reaction to 
this move by the new AMERICAN NATURALIST is 
influenced by the circumstance that I have spent 
the past three months in South America. Here 
it is less easy than in the United States to ob- 
tain news and information of biological interest ; 
such information, however, is as much desired 
by biologists here as it is elsewhere. 
Oscar RIDDLE 
MONTEVIDEO, URUGUAY 


I am much interested to learn of your plans 
for Tre AmMEr:cAN NatTurRAList. I believe there 
is a real need for a weekly periodical which 
would bring together items of interest, thoughts 
and observations on widely diverse aspects of 


biology. Furthermore, I feel that sueh a 
medium would be of definite eultural value. 


Very best wishes to the new AMERICAN NATURAL- 
ist for a propitious birth and a_ successful 
career. 
O. H. Rogertson 
THE UNIVERSITY OF CHICAGO 


May I offer my best wishes to THe AMERICAN 
NATURALIST in the initiation of a new chapter 
in the history of an old and valued friend. I 
expect I may have a short contribution of the 
sort you mention to send on in a few weeks. 


ALFRED S. ROMER 
HARVARD UNIVERSITY 


I am glad to know that Tur American Natvu- 
RALIST 1s expanding its scope and usefulness. 
It has my blessings. 

M. J. Rosenau 

THE UNIVERSITY OF NorTH CAROLINA 


I have your letter of December 11 in regard 
to the proposed change in THE American Natv- 
RALIST. You may be sure that I will cooperate 
in every possible way to make the new magazine 
suecessful. May I ask, however, if in getting 
out a “weekly issue containing eight pages of 
news of biologists and news of biological inter- 
est” you are not overlapping the field of Science. 
[ would not know from your deseription just 
What materials would go to Science and what 
items would be more appropriate to Tug AMERI- 
cAN Naturauist. I have no doubt that you are 
clear on this, but it would be helpful to me and 
to my associates if we could have a few more 
details about the nature of the magazine. 

ALEXANDER G. RUTHVEN 

UNIVERSITY OF MICHIGAN 
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I am interested in your proposed reorganiza- 
tion of THe AMERICAN NaturALIStT. There is 
a need for greater union of all biological sei- 
ences and a need for a publication which will 
promote integration of all fields in biology. | 
shall be glad to continue to serve on the edi- 
torial committee. 

KARL Sax 

HARVARD UNIVERSITY 


I am delighted to hear of the change in plan 
of THE AMERICAN Naturauist. I like, too, the 
planned policy of avoiding highly technical ar- 
Certain of our journals are restricted to 
have recorded 


ticles. 
quantitative research. If 
numbers and drawn curves your article is ac- 
cepted. No thought or interpretation is re- 
quired. Constructive speculation is frowned 
upon, and thinking beyond your experiment 
taboo. We have been characterized by our 
European colleagues as unedueated specialists. 
Industrialization and the narrow policy of our 
journals have made us so. I am, therefore, de- 
lighted that you are going to let us talk about 
our work in the new THE AMERICAN NATURAL- 
1st. May I also express the hope that the new 
journal will not be in control of any smail 
group, clique or society, but will be truly Ameri- 
can, its pages open to all scientists alike. But 
I see you have anticipated this, for you say, 
the NATURALIST is to be representative of all 
biologists. Just one eriticism: I should much 
prefer having each issue alike in value, size and 
interest. An issue is much more likely to be 
read if news is combined with science. All 
good luck to you and the new journal, what- 
ever its policy, so long as it is a broad, liberal 
and impartial policy in which research is recog- 
nized as involving both fact-finding and correla- 
tion through interpretation. 
WILLIAM SEIFRIZ 


you 


UNIVERSITY OF PENNSYLVANIA 


I commend your proposed changes in THE 
AMERICAN NATURALIST as being of great assis- 
tance in cooperative research projects, in inter- 
preting allied technical contributions, and as 
valuable for the future his- 


torians of science. 
W. M. 


source material 


SMALLWOOD 
SYRACUSE UNIVERSITY 


I would be glad to tender you all good wishes 
for THe AMERICAN NATURALIST, but I would 
have to eonfess that I have not been reading it. 
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My time is so taken up that I find that I ean 
not do all that I would like, and this is one of 
the things that I felt I must do without! How- 
ever I do wish you success. 
ToORALD SOLLMANN 
WESTERN RESERVE UNIVERSITY 
I was very much interested to receive your 
letter of December 11th telling of your plans 
for the new THE AMERICAN NaturRALIST. This 
new journal will fill a gap and will be of great 
service to all biologists. I wish it all suecess 
and shall follow its contents with the greatest of 
interest. At present, I do not have any con- 
tributions for it, but when I have sueh I shall 
keep you in mind. 
G. LEDYARD STEBBINS, JR. 
UNIVERSITY OF CALIFORNIA, 
BERKELEY 


Thank you for your letter in which you in- 
form me of the planned changes in THE AMER- 
ICAN NaturALISsT. While I wish you personally 
all suecess in your new venture, I am not sure 
of the desirability of the change contemplated. 
It seems to me that Science has published suffi- 
cient news regarding biologists and other scien- 
tists and I have not infrequently felt that some 
of the news was rather of a gossipy, and there- 
fore not relatively important, nature. I am 
afraid of having eight pages every week devoted 


to biologists and biology topics alone. I shall 
be glad to be convineed that my present feelings 


are unjustified, but you will permit me an atti- 
tude of hesitation. 
Curt STERN 
UNIVERSITY OF ROCHESTER 


[ have your letter concerning changes planned 
for THE AMERICAN NATURALIST. The arrange- 
ment seems to me ill advised. THE AMERICAN 
NATURALIST is one of the oldest American sci- 
entific journals and has a distinguished tradi- 
tion. Asa bi-monthly organ devoted to the ad- 
vancement of the biological sciences, with spe- 
cial reference to the factors of evolution, it has 
a distinct place and function. Furthermore, 
there is, I believe, an understanding with the 
American Society of Naturalists which undoubt- 
edly is beneficial to both parties. Without the 
previous approval of the sociefy, it is possible 
that the contemplated change might impair this 
mutual understanding. As I am sure you are 
well aware, there is a critical group in the Nat- 
uralists that might seize upon the proposed 
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change to renew the former controversy. I see 
no necessity for an additional journal to publish 
the kind of articles mentioned in your letter and 
so far as the weekly issue is concerned, it ap- 
pears again to be an unnecessary duplication of 
Science. Presumably you have already con- 
sidered the points raised, but I wish to empha- 
size them. 
Horace W. StuNKARD 

NEW UNIVERSITY 
I have your letter about THe AMERICAN 
NATURALIST. As one well past the retiring line, 
I am progressively a spectator rather than a 
writer of technical papers. As to publications 
of scientific material in general, I hope that 
there will be a progressive segregation—(1) the 
separation into clearly marked groups in which 
reports will be strictly technical for the techni- 
eal, (2) a second general section in which one 
with a fundamental interest and a general 
knowledge of scientific matters can open at ran- 
dom and read without mystifieation. Even in a 
technical journal, I want an author to place his 
subject-matter in relation to something a reason- 
able percentage of his casual scientist readers 
will recognize. One ought to be told whether 
the “varmint” discussed or described is related 
to the “owl” or the “pussy-eat.” So if you ean 
get a stream of papers which will give the or- 
dinarily interested reader a sound story in terms 
he ean understand—so arranged as to leave a 
perspective setting in one’s mind, your paper 
will be worth while. Go to it. 

CHARLES THOM 


I am interested and pleased by your plan to 
make THE AMERICAN NATURALIST a weekly rep- 
resentative of all work in biology. I wish you 
the best of fortune in this new enterprise. 

E. L. THORNDIKE 

NEw York, N. Y. 


In reply to your letter of November twenty- 
seventh, in which you outline plans for making 
THE AMERICAN NATURALIST a weekly, without 
abandoning a monthly number with the fune- 
tions that now exist, let me add my word of 
good wishes and hope for what the new project 
may do to further the interests of workers in 
There is no evolution 
without differentiation. With best regards, I 
am 

Harry BEAL ToRREY 

BERKELEY, CALIF. 
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I was interested to learn from your letter 
of December 11 that you intend to make THE 
AMERICAN NATURALIST a weekly publication. 
It should prove valuable and useful to all biolo- 
gists to have a biological journal of frequent 
issue, containing general articles as well as the 
more technical ones on genetics and evolution 
in which practically all biologists are interested 
and, in addition, news items, current events, 
book reviews, ete. With best wishes for success 
of the new THE AMERICAN NATURALIST, 

ALBERT TYLER 

CALIFORNIA INSTITUTE OF TECHNOLOGY 


I was very much interested to hear about the 
proposed changes in the complexion of THE 
AMERICAN NATURALIST, as indicated in your 
letter of November 27. I am in favor of any 
move that would strengthen and promote the 
interests of biology as a whole, and I am sure 
that you are aiming in the same direction. I 
hope that THe NaAtuRALIST will con- 
tinue to serve its purpose as an organ of inte- 
gration among biologists. With best wishes to 
that effect, 

Paut WEISS 

THE UNIVERSITY OF CHICAGO 


I am not sure that I approve of this attempt 
on your part to set up a publication to com- 
pete with Science, which is being taken over by 
the A. A. A. S. I am willing to subscribe for 
a year to see how the new journal works out, 
provided a satisfactory adjustment is made in 
regard to my previous subscription. 


D. H. WenrIcH 


UNIVERSITY OF PENNSYLVANIA 


I sent to you the other day my check for sub- 
scription to the new THE AMERICAN Nat- 
URALIST. I think all the friends of this journal 
will be interested in its prospects for its new 
appearance. All of us are interested in news 
of various biologists of the country and world 
and if this ean give us more news than Science 
we shall be quite pleased. Many scientific jour- 
nals have strictly scientific articles, but the pub- 
lic really needs one that is semi-scientifie and of 
popular interest. I think that your plans for 
THE AMERICAN NATURALIST may fill this need, 
and render it more popular to the ordinary lay- 
man. Many readers become discouraged with 
these technical papers, and due to special vo- 
cabularies in the paper they are unable to 
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understand its content. We shall await the 
publication of THE AMERICAN NATURALIST with 
a good deal of interest and later may be able 
to give some constructive criticism, but we hope 
it will be so good that it can not be improved. 
With all good wishes in this new venture, 
Davin D. WHITNEY 
UNIVERSITY OF NEBRASKA 


Thank you very much for your letter inform 
ing me of the changes you have planned for 
Tue AMERICAN NATURALIST. There is without 
question a need for a weekly publieation de 
signed to keep biologists in general abreast of 
the current work in this vast field. Wishing you 
every success in this desirable objective, 

M. C. WINTERNITZ 


YALE UNIVERSITY SCHOOL OF MEDICINE 


I was greatly interested to learn of your plans 
of expansion of THE AMERICAN NATURALIST. 
They promise to increase the usefulness of this 
journal, which already preferred 
standing among biological periodicals of its 
With good wishes, 


enjoys a 


class. 


Emit 


STATE UNIVERSITY OF TOWA 
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I have always felt that THe AMERICAN NATU 
RALIST was a useful publication, but at the pres 
ent juncture I agree with you that its valu 
probably can be greatly increased by certain 
changes in policy. My own hope and wish 
would be that it should represent more ade 
quately than it has recently the fundamental 
interests and the activities of the field natural 
ist. We have an adequate supply of popular 
naturalistic journals, but we lack in this country 
an organ for those strictly scientific studies of 
animal and plant life and behavior whieh are 
somewhat too technical for the lay reader and 
would not naturally find place in the journals 
which provide for experimental studies. I am 
sure that you realize there is an intermediate 
field between the experimental and the amateur- 
ishly naturalistie type of observation which de 
serves more adequate publication provision. |] 
am indeed delighted by the constructive effort 
you are making to increase the value of THE 
AMERICAN Naturau’st and I earnestly hope that 
its new form may appeal widely to those who 
are interested in animals and plants and their 
varied environmental and other relations. 

Ropert M. YERKES 

YALE UNIVERSITY SCHOOL OF MEDICINE 
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RECENT DEVELOPMENTS IN SCIENCE LEGISLATION 


By Professor ROBERT CHAMBERS 


Department of Biology, 


There has been considerable airing in 
Science and in the press, also in statements 
distributed to various scientists throughout 
the country as to the relative merits of the 
proposals being made by Senator Kilgore 
(8.1297)! and by Senator Magnuson 
($.1285) for the formation of the federally 
sponsored National Science Foundation. 

A presentation of the merits of the Mag- 
nuson Bill was given in the Letter to the 
President which appeared in the November 
30 recent report of 
the hearings on Science Legislation from 
October 8 to. November 2 is contained in an 
Analytical Summary of pre- 
sented (or given) at the hearings. The 
most recent, December 21, is the prelimi- 
nary report of .a completely new subcom- 
mittee draft of Kilgore’s bill. 
These reports can be obtained by writing 
to the Committee on Milita 
ate Building, Washington, D. C. 
draft is a thorough revision of the original 
bill with an elimination of the most objec- 
tionable features and the inclusion of many 


issue of Science. <A 


Testimony 


Senator 


The new 


constructive measures. 

The fact that the formal organization of 
the Foundation is of great concern to the 
scientists of the country, is recognized by a 
statement in the analysis printed with the 
new draft that the sub-committee ‘‘looks for- 
ward to a further discussion of this prob- 
lem before reporting out a final bill to the 
Senate Military Affairs’ Committee.’’? The 
present draft, as in the original bill, calls 
for a full time to be ap- 
pointed by the President and confirmed by 
the Senate. This form of appointment 
introduces a feature, hitherto lacking, of 


administrator 


havine science represented in our govern- 
ment practically on a par with other gov- 
ernment departments. The President 
also to appoint a scientific board consisting 


1945. 


is 


1 Science, 102: 2661, 630, 
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New York University 


of nine members ‘‘from among persons who 
are specially qualified to promote the broad 
objectives of this act’’ plus the chairmen of 
the several divisional scientific committees. 
Except for the Division of National Defense 
which will be related to the war and navy 
departments, the personnel of the divisional 
committees will be appointed by the admin- 
istrator ‘‘solely on the basis of their demon- 
strated capacity to carry out the purposes 
of the Foundation. The divisions 
constituting the basic sciences are to be a 
Division of Mathematical and Physical Sei- 
ences, a Division of Biological Sciences and 
a Division of Social Sciences. The others 
are a Division of Health and Medical Sci- 
ences, a Division of Engineering and Tech- 
nology, a Division of Scientific Personnel 
and Edueation, a Division of Publication 
and Information. There also to be 
facilities for additional divisions to cover 
To insure 


9? 


are 


possible future developments. 
fair distribution of funds, percentage fig- 
ures are given for apportionment among 
the states of the Union to tax-supported 
colleges and universities, also for private 
non-profit organizations. 

Concerning the Division of Publication 
and Information a feature brought up in 
the analysis of the draft is that publica- 
tions and assistance be given to aceredited 
non-profit scientific journals. This might 
well be ineluded with no provisional con- 
ditions in the body of a future draft. Three 
other features are: the awarding of scholar- 
ships and fellowships for scientific study 
and research, the maintenance of a central 
clearinghouse for information with a reg- 
ister of scientific and technical personnel, 
and provision for international scientific 
cooperation with the approval of and 
through the State Department. Included 
will be the defraving of expenses of repre- 
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sentatives to international scientific meet- 
ings. 

Concerning the top administration of the 
Foundation there has been considerable 
questioning as to the danger of undue polit- 
ical involvement if there be an _ over-all 
Administrator who is not specifically ap- 
pointed by scientists and who shall only 
consult and advise with his Board. Those 
of us who approved the principles embodied 
in the Magnuson bill had this primarily in 
mind. However, accepted Coneressional 
procedure is claimed to require a full-time 
eovernmental administrator. Therefore, in 
order to circumvent arbitrary action on the 
part of the Administrator counter to the 
desire of working scientists, the new draft 
has been formulated with the following sig- 
nificant features: (1) inclusion of specific 
language showing the intent of Congress 
that scientific freedom and initiative be 
safeguarded; (2) provision for a ‘‘ goldfish 
bowl’’ type of operation, so that the work 
of the Foundation will be under the econ- 
stant serutiny of the public and _ particu- 
larly of the scientists; (3) provision for the 
part-time Scientific Board and Committees 
to have direct access to the President, Con- 
not only for guidance 
on the Administrator. 
One of the strongest points concerning this 
is (Section 4d) that the Board and the Di- 
visional Committees will not only have full 
access to all information in possession of the 
Foundation except such as may be classified 
for reasons of national security but also 


eress and the public 
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that the annual report of the Administrato1 
shall include whatever dissenting opinions 
may be submitted by individual members oi 
the Board or the Divisional Committees. 

The hearings in Washington during Oc- 
tober have gone far toward erystallizing 
the desires of scientists with reference to 
Science Legislation. The biologists have 
demonstrated clearly to the Senators that 
the biological sciences merit a position on 
a par with the other basic sciences. The 
publicizing of the Letter to the President 
by the Bowman Committee has brought 
forcibly to the front the keen conviction of 
the scientists that their research must be 
untrammeled by any political considera- 
tion, and that. scientific freedom and initia- 
tive must be fully safeguarded. It now re- 
mains to be worked out which is the best 
way to realize these objectives in the con- 
stitution of a National Science Foundation. 

We all want a nationally sponsored foun 
dation and now is the psychological time to 
secure it. America possesses the facilities 
and should take over the prerogative which 
for so lone had been assumed by Germany. 
This ean be realized by a national organi- 
zation in which the basi¢ sciences are given 
a preeminent position. 

We scientists should be willing, as citi- 
zens, to work within a constitutional gov 
ernmental framework as lone as we are 
assured of freedom from restraint by arbi- 
trary authority be it either of a single ad- 
ministrator or a board of individuals. 
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THE FUTURE OF ENTOMOLOGY 


By Professor CHARLES T. BRUES 


Biological Laboratories, Harvard University 


PREDICTIONS of thines to come commonly 
appear quite plausible at the time of their 
presentation, and fortunately they are too 
soon forgotten to mete out just punishment 
to their perpetrators. Economists are par- 
ticularly prone to extrapolate the trends 
of the business world, but as they never 
agree, always some one is right and ready 
to continue the game. Biologists, it may 
be said to their credit, rarely go the way 
of the Nevertheless, it is evident 
that predictions of future progress based 
on present activities may with 
ereater assurance at some times than at 
others. Such appears to be the case with 
entomology at the present time. 

During’ the few 
have furnished the material on which a very 
considerable part of our present knowledge 
of heredity is based. This was a wholly 
unexpected turn of events, following the 
chance discovery mutation in the 
fruit-fly, Drosophila. It so happened that 
this insect was admirably suited for the 
study of unit account of 
several characteristics not nor ap- 
preciated at the time the fly first attracted 
attention. Such developments are wholly 
unpredictable: they are purely coincidental, 
and they can be expected to recur only at 
long intervals. In spite of the immense 
amount of work that has already been 
done on Drosophila it is evident that the 
Mutations can now be pro- 
on order, although still with ran- 
We can not say how far such 


seer. 


be made 


past decades insects 


of a 


characters on 


known 


end is not yet. 
duced 
dom results. 
procedures may be extended or applied to 
other animals, and one might indulge in 
quite fantastic speculations as to what the 
future may have in store. Some of my col- 
leagues will insist that this is geneties, not 


entomology. This is a fine point, as some 
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geneticists will admit an acquaintance with 
entomology and vice versa. Beyond this, 
the production of mutations may even be 
extended far into the realm nuclear 
radiation and become of direct interest to 


of 


the physicist. 
During the war 
rapid progress was made in the several 
sciences with relation to problems arising 
in connection with military activities. Un- 
fortunately the designation of ‘‘secret’’ has 
been applied to much that was learned at 
that time, and a swarm of befuddled poli- 
ticians are now busily engaged in plotting 
the future progress of science in anticipa- 
tion of future wars. They are thus further 
complicating a wholly unpredictable con- 
eatenation of events by the enactment of 


almost unbelievably 


laws relative thereto. 

As much of the war was fought in re- 
vions blessed with innumerable pestiferous 
insects, and many which spread serious hu- 
malaria, bubonic 
leishmaniasis, yellow 


man diseases such as 
plague, filariasis, 
fever, typhus and still others, there has 
been great activity in the study of such 
insects in connection with the health of 
the armed forces. This has been mainly of 
a technological nature leading to a better 
control of the inseet vectors. Highly im- 
portant discoveries of new synthetie in- 
secticides such as DDT, and repellents, such 
as certain thallates for protection against 
the bites of mosquitoes, mites, ticks and 
various epizoie insect parasites, have opened 
up an entirely new field for the economic 
entomologist. It is now safe to predict that 
the near future will see practically a revo- 
lution in our methods of driving away and 
Agriculture, 
well 


destroying noxious insects. 
forestry and public health, 
household comfort, will undoubtedly share 


as as 
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the benefits. It is reasonable to expect also 
that still more efficacious substances will 
be found. Already the arsenicals and 
poisonous alkaloids, like nicotine and rote- 
none, and repellents, like tar and citronella, 
are in the discard. 

In connection with the application of 
these new substanees much basic physio- 
logical work has been done and we can 
look forward to extensive additions to our 
knowledge of insect physiology, especially 
with reference to toxicology. Since ex- 
perimental work of this sort on insects, 
oxygen poisoning, for example, often leads 
to a better understanding of similar prob- 
lems in mammalian and human physiology, 
such matters are bound to receive attention 
at the hands of entomologists’ to the bene- 
fit of other branches of biology and in 
medical research as well. 

The standardized behavior of insects, not 
only in their instinetive processes, but in 
the simpler types of muscular and neural 
activity, make them ideal objects for the 
experimentalist in connection with such 
phenomena as drug action, fatigue, stimu- 
lation, senescence and a host of others of 
ereat variety. The availability of pure- 
bred lines of several kinds of insects is a 
further incentive to work of this sort. 

The intense vitality of insects makes it 
possible to study their growth, develop- 
ment and regenerative processes not only in 
the decerebrated condition, but even after 
decapitation, transsection or worse. They 
thus offer opportunities to apply to highly 
organized animals the technique lately in 
vogue with flatworms and the like. We 
may expect interesting and important dis- 
coveries relative to cellular and tissue phys- 
iology to result from such studies, provided, 


of course, that the antivivisectionists do 
not take the insects under their wine. 
This seems hardly probable as they have 
so far neglected tissue culture im vitro, 
incidentally something which may be 
readily practised with insects. 

During the past several decades con- 


siderable attention has been paid to the 
‘*strains’’ of insects, 


study of ‘‘races’’ or 


|Vol. LXXX 
probably representing incipient species. 
Such categories do not represent a new 
id°a, as evolutionary speculation since the 
time of Darwin has postulated the neces- 
existence of something of this sort. 
Several clear-cut cases have been demon- 
strated among vegetarian insects. More 
recently, following earlier and somewhat 
vague observations, it has been shown that 
the malarial mosquitoes of Europe (Anoph- 
eles maculipennis), previously regarded as 
a single form, are segregated into several 
types that dilfer in host preferences and 


sary 


other physiological characteristics, although 
they are ‘separable on morphological 
erounds only by the eolor pattern of the 
egos. Similar conditions prevail among 
the malarial mosquitoes in other parts of 
the world, and it is obvious that these 
peculiarities, yet to be fully elucidated, are 
of immense importance to public health, 
and that they will be the object of ex- 
tensive future studies. 

Such discoveries are very disconcerting 
to the insect taxonomist, already harassed 
by the seemingly endless variety of the 
entomological fauna. They dread the 
eventuality that insect classification may be 
thrown into the disorder that prevails 
within the precinets of the bacteriologists 
and virologists who are already hopelessly 
adrift in a conglomeration of strains, mu- 
tations and types among human pathogens. 

The quite recent demonstration of hor- 
mones in insects has opened up a new line 
of investigation to entomologists interested 
in the phenomena of growth and metamor- 
phosis. Thus some of the age-old questions 
relating to the development of the higher 
insects may be answered, or at least better 
understood in the near future. 

Some of the most interesting technologi- 
eal problems facing the entomologist arise 
through the artificial spread of destructive 
inseets into new regions. Such dissemina- 
tion has been going on at a rate accelerated 
in direct proportion to the increased ease 
of travel and shipment of materials by com- 
mercial agencies. The phenomenal growth 
of air travel has suddenly increased this 
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hazard, with the promise of untold trouble 
in the future. Occasionally, the application 
f vigorous measures has eliminated intro- 
lueed species, for example, the gipsy-moth 
in New Jersey, the Mediterranean fruit-fly 
in Florida, the African malarial mosquito 

Anopheles gambiae) in Brazil, and the 
Colorado potato-beetle in England, but 
such eases are statistically negligible among 
the pests that have been spread far and 
wide, to remain and multiply until eternity 
so far as we can foresee. Much of our fu- 
ture comfort and prosperity depends upon 
how satisfactorily we may be able to meet 
this challenge. 

Another technological phase of entomol- 
ogy is the utilization of the insect pests of 
weeds and undesirable plants to reduce or 
exterminate such offending forms of plant 
life. The reclaiming of vast areas of Aus- 
tralian agricultural land that had been 
over-run by American prickly-pear cactus 
is an example of what may be done in this 
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way to mitigate the damage caused by 
alien weeds. We may expect a considerable 
extension of this method, whose application, 
it must be remembered, is, like playing 
with fire, fraught with danger when under- 
taken without a full understanding of the 
food habits of the insects involved. Let 
us hope that the water hyacinth, for ex- 
ample, may fall prey to some insect pest. 

During the past fifty years, which quite 
exactly coincides with your prophet’s in- 
terest in insects, the greatest problem cast 
into the lap of the entomologist has been 
the unravelling of the part played by the 
insects and other arthropods in the spread 
of infectious diseases of man. This job 
has been valiantly undertaken, but it is 
still unfinished, and the end is not yet in 
sight. It is hard to believe that any equally 
important and spectacular entomological 
field still lies completely hidden and un- 
suspected, but it would be unwise to 
discount such a possibility. 
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THOMAS HUNT MORGAN 


See Photograph on Front Cover 


Tuomas Hunt MorGan was born at Lex- 
ineton, Kentucky, on September 25, 1866, 
and died at Pasadena, California, on De- 
cember 4, 1945. He received the B.S. de- 
eree from the University of Kentucky in 
1886 and the Ph.D. from Johns Hopkins 
University in 1890. From 1891 to 1904 he 
was professor of biology at Bryn Mawr; 
from 1904 to 1928 professor of experimen- 
tal zoology at Columbia University, and 
from 1928 to 1945 professor of biology at 
the California Institute of Technology. 

At Johns Hopkins he was greatly influ- 
enced by Brooks, Martin and Howell. In 
his earlier vears he made several stays at 
Naples, where he formed close and lasting 
friendships with Driesech and Dohrn. His 
long association with Wilson at Columbia 
was an outstanding example of mutual in- 
fluence and helpful stimulation; those of 
us who had the privilege of studying there 
at the time ean appreciate but can scarcely 
describe adequately the spirit of the labora- 
tory under these two. For many years 
Morgan spent his summers at Woods Hole, 
and there he formed close friendships with 
many of his colleagues. Here again the 
atmosphere of the laboratory can only be 
fully appreciated by those who experi- 
enced it. 

Moregan’s early work was in embryology, 
beginning with descriptive accounts of the 
froze, Balanoglossus, and the Pycnogonids. 
His interest early shifted to the experimen- 
tal attack on embryologieal problems, and 
he soon became a leader in the rising school 
of experimental embryologists. This work 
led naturally into the field of regeneration, 
with which he was occupied for many years. 

Soon after the rediscovery of Mendelism, 
Morgan began his genetic work, at first with 
mice and rats, and about 1909 with Dro- 
sophila. He was also at this time inter- 
ested in the life-cycle and the determination 
of sex in Aphids and Phylloxerans. His 


work on these forms was of great impor- 
tance in the history of genetics; for he 
showed that a complex situation, that 
seemed at first sight to be wholly incompati- 
ble with the chromosome theory of sex- 
determination, was in facet fully in aceord 
with that theory and was only comprehensi- 
ble in its terms. 

It is his work with Drosophila that is best 
known. The first important result here 
was the discovery of sex-linkage of the type 
to be expected from the evtological evidence 
then available. This was quickly followed 
by the demonstration of exchange between 
homologous chromosomes, and of linkage 
between sex-linked genes. These discov- 
eries laid the groundwork for the modern 
chromosome theory of heredity ; and a large 
part of the structure that has been reared 
upon them was due to the work of Morgan 
and his students. As one of those students, 
I can testify to his unfailing support, stimu- 
lus and protection. He built up a group of 
workers, and saw to it that they were left 
free to carry on their work independently 
yet with a remarkable spirit of cooperation 
derived from him. 

Morgan’s title at Columbia was that of 
professor of experimental zoology; and it 
was an appropriate title, for he always 
emphasized the experimental approach and 
utilized it in many fields. He was also a 
ood naturalist; it was not easy to present 
him with an animal that he could not name. 
In addition, he was remarkably skilful at 
keeping animals alive and in good condition 
in the laboratory. 

He was essentially a pioneer in his seien- 
tific work. He was at his best in opening 
up new and little understood fields. He 
appreciated the value of detailed and ana- 
lytical studies in better known fields, and 
was always ready to support such work, but 
he himself was usually off on some new and 
less highly eultivated line. He always had 
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many types of work under way—a fact that 
is only partly shown by the diversity of sub- 
jeets on which he published, for many of 
his projects did not yield significant results, 
and were never recorded. He was always 
inclined to use simple techniques and little 
elaborate equipment, and it was an effort 
for him to appreciate the necessity for ex- 
pensive apparatus in so much of modern 
experimental biology. 

By those who knew him well he will 
always be remembered for his quick wit, 
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sympathetic understanding and unfailing 
generosity. His students affectionately re- 
ferred to him as ‘‘The Boss’’—a term in- 
tended to imply their respect for him as a 
scientist and as a man. 

Many honors were conferred upon him; 
it is perhaps sufficient to record that he was 
president of the National Academy of Sci- 
ences (1927-1931), president of the Ameri- 
can Association for the Advancement of 
Science (1930) and Nobel laureate (1933). 

A. H. STURTEVANT 


JOHN CAMPBELL MERRIAM 


THE death of John Campbell Merriam at 
the age of seventy-six years on October 30, 
until his retirement as emeritus president 
in 1939 for eighteen years president of the 
Carnegie Institution of Washington, recalls 
his long and devoted service to science in 
the United States. Prior to his work at the 
Carnegie Institution he had been a member 
of the faculty of the University of Cali- 
fornia, which he joined as instructor in 
1894, becomine professor of paleontology 
in 1912 and dean of the faculties in 1920. 
In that year he resigned from his professor- 
ship to become head of the Carnegie Insti- 
tution in Washington, D. C. 

Dr. Merriam served as chairman of the 
National Research Council in 1919; since 
1928 he the Smithsonian 
Institution; vice-president of the National 
Academy of Sciences; president of the Pa- 
cific Division of the American Association 
for the Advancement of Science, 1919- 
20; president of the Geological Society of 
America, 1910; president of the American 
Paleontological Society, 1917; member of 
the California Academy of Sciences, San 
Francisco, and many other scientific organi- 
zations. He was president of the executive 
committee of the Pan American Institute 
of Geography and History, 1935-38; chair- 
man of the research committee of the Cali- 
fornia State Council of Defense, 1917-20, 


was regent of 


and was for several years honorary presi- 
dent of the California Conservation Council. 

Honorary degrees were conferred on Dr. 
Merriam by Columbia, Princeton, Yale, 
Pennsylvania, Oregon State College, Cali- 
fornia, New York, Michigan, Harvard, 
George Washington, the University of Ore- 
gon, and others, 

Dr.. Merriam retired in 1937 from the 
presidency of the Carnegie Institution of 
Washington at his own request in order 
that he might be free to devote his time to 
research and to writing. The board of 
trustees, on December 10, 1937, appointed 
him president emeritus with provision for 
support of his studies. Quoting from the 
foreword to the volume entitled ‘‘ Published 
Papers and Addresses of John Campbell 
Merriam’”’: 

“The trustees arranged for the assem- 
bling and reprinting of his papers, mono- 
eraphs, reports, lectures and addresses. In 
this series are gathered together his many 
publications grouped according to general 
subject, together with a bibliography ar- 
ranged chronologically. There will be 
found in these volumes a record of research 
in paleontology, with clear evidence of a 
well-planned investigative program and of 
superb achievement in the comparative ana- 
tomical, particularly vertebrate, aspects of 
this branch of biological thought. 
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Photograph by Bachrach 
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“Shortly after this action a small group 
of the members of the institution suggested 
that a dinner be given in his honor and that 
a testimonial volume of papers written by 
members and associates of the 
institution be presented to him at that time 
in appreciation of his far-sighted leader- 
ship. The trustees approved the proposal 
and appointed a small committee to cooper- 
ate in the project. After thorough discus- 
sion, the committee concluded that the vol- 
ume should comprise papers on current 
problems, conducted: either entirely or 
partly within the institution, and illustra- 
tive of the principles followed by Dr. Mer- 
riam during the eighteen years of his presi- 
dency of the institution.’’ 

These volumes were issued in 1930. They 
were entitled ‘‘Cooperation in Research’’ 
by staff members and research associates of 
the Carnegie Institution of Washington. 

Quoting again from the foreword is the 
following appreciation of Dr. Merriam’s 
work : 

“The trustees of the Carnegie Institution 
of Washington are glad to acknowledge 


research 
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their debt of gratitude to Dr. John Camp- 
bell Merriam, who has served them so effee- 
tively as president of the institution these 
many years. Coming to the institution 
from an important post in a great univer- 
sity, Dr. Merriam brought administrative 
experience and understanding, outstanding 
charity and kindness in his relations to staff 
members and employees alike, amazing ap- 
preciation of the possibilities for advance 
in knowledge in the many fields of science 
and the humanities, and extraordinary 
abilities and wisdom in the choice of men 
and projects. A rare investigator, a 
thoughtful and forceful philosopher in sci- 
ence, a sagacious organizer of successful 
cooperative undertakings in researeh, an 
ardent expositor of the value of original 
investigation to the general public, a wise 
leader—Dr. Merriam has made notable eon- 
tribution to human progress well- 
being; the trustees of the institution feel 
that these volumes of Dr. Merriam’s publi- 
cations and addresses witness this contri- 
bution.”’ 


HENRY BALDWIN WARD 


Tue death on November 30 of Dr. Henry 
B. Ward, professor of zoology at the Uni- 
versity of Illinois, at the ripe age of eighty 
years removes an outstanding figure among 
those who have devoted their lives to the 
advancement of science. In this work he 
was actively engaged until the end. 

Dr. Ward retired with the title emeritus 
from the professorship at the University of 
Illinois in 1933, but this did not mean the 
relinquishment of the work in which he was 
so deeply interested. Indeed in the years 
that followed his accomplishment in his 
chosen field seldom, perhaps never, has been 
surpassed. His influence was very great. 
His tall, massive figure, with slightly stoop- 
ing shoulders from which his head bent for- 
ward, together with the eager expression 


of his face and evident interest in every- 
thing going on around him, made him a 
conspicuous figure in any assembly at which 
he was present. 

Dr. Ward was born at Troy, N. Y., in 
1865. Eis undergraduate work was done 
at Williams College, after which he was for 
two years instructor in a high school at 
Troy. He then entered Harvard University 
as a graduate student, receiving the degree 
of Ph.D. in 1892. He studied at Gottingen, 
Freiburg and Leipzig, at the last university 
as a student of Professor Rudolph Leuckart, 
eminent for his work in parasitology. From 
this time on Dr. Ward’s research was de- 
voted to study in this field. 

For a year after his return to the United 
States, Dr. Ward was an instructor in zool- 
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Then 


ev at the University of Michigan. 
rom 1893 to 1909 he was successively asso- 
ciate professor, professor and head profes- 
sor at the University of Nebraska, becoming 
dean of the School 1902. 
He joined the faculty of the University of 
Illinois as professor and head of the depart- 


of Medicine in 


ment in 1909, retirine with the title of 
emeritus in 1933. 
Dr. Ward established The Journal of 


Parasitology in 1914, and was the editor of 
the first eighteen volumes. In the summers 
he carried out investigations for the U. S. 
Kish Commission, especially on the conser- 
vation of salmon, and took a part in a num- 
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ber of field expeditions to the Paeifie North- 
west and Alaska. 

Dr. Ward was permanent secretary of 
the American Association for the Advance- 
ment of Science from 1933 to 1937 and was 
an active member of many scientific soci- 
eties. He was president of the American 
Society of Zoologists in 1912; of the Society 
of Parasitologists in 1925; of the Nebraska 
Academy of Science and of the Illinois 
Academy of Science in 1919. He was also 
a corresponding and a foreign member of 
various foreign scientific societies. 

His death is an irreparable loss to science, 
and to those who were privileged to be 
called his friends. 


AWARD OF THE DANIEL GIRAUD ELLIOT MEDAL 


Dr. THEODOSIUS DoBZHANSKY, professor 
of zoology at Columbia University, has been 
awarded the Daniel Giraud Elliot Medal of 
the National Academy of Sciences. On the 
occasion of the presentation of this award 
Dr. Fred E. Wright, petrologist of the Geo- 
physical Laboratory of the Carnegie Insti- 
tution of Washington, read an address by 
Dr. William K. Gregory, professor of pale- 
ontology at Columbia, given below, in ap- 
preciation of his work. 


Mr. President and Members of the 
Academy: 

As has already been stated, the Daniel 
Giraud Elliot Medal Committee 
mended to the academy that for the year 
1941 that medal and award be given to the 
distinguished author of the book entitled 
“*Genetics and the Origin of Species,’’ sec- 
ond edition, 1941. The committee’s choice 
was confirmed by vote of the academy at 
the spring meeting Jast April and it re- 
mains only to present the author of that 


recom- 


work. 

In the judgment not only of vour com- 
mittee but of many other scientists, the 
hook itself already ranks among that classic 
series of which the first was Darwin’s ‘‘ Ori- 


Here are set forth with 
remarkable clarity what may be called both 
cross-sections and perspective views of the 
intricate problems encountered by the ge- 
neticists in their very real discoveries of 
the mechanisms of speciation. For a decade 
or two after the rediscovery of Mendel’s 
principle, the emphasis of genetic studies 
was almost necessarily laid upon laboratory 
studies of the hereditary mechanism. Dur- 
ing this period the problems of evolution 
in the field and forest received less attention 
and students of evolution at times tended 
to be divided into almost hostile camps; the 
taxonomists, collectors and museum men in 
one camp, the geneticists in the other. 
The healing of this indefensible schism 
has long been under way and the last traces 
of it should be obliterated by Professor 
Dobzhansky’s work. His chapters on Or- 
ganic Diversity, on Mutation as a Basis for 
Racial and Specific Differences, on Varia- 
tion in Natural Populations, on Selection, 
on Isolating Mechanisms, on Patterns of 
Evolution and on Species as Natural Units 
will be of unceasing aid to students of evo- 
lution in the open; while those on Gene 
Mutation, Chromosomal Changes, Polvy- 
ploidy and Hybrid Sterility expose the 


vin of Species.”’ 
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imechanisms of evolution as they are re- 
ealed under the microscope and by statis- 
tical analysis. 

Dr. A. H. Sturtevant, another eminent 
veneticist and taxonomist, has kindly sent 
me.the following note: ‘‘The book of Mr. 
Dobzhansky summarizes the advances in the 
application of the results of modern ge- 
netics to the theory of evolution—in par- 
ticular to the problem of species formation. 
[t is of great importance, partly because the 
author is one of the very few men with an 
intimate first-hand knowledge both of mod- 
ern experimental genetics and of the field 
of taxonomy. Another reason why the 
book—like the other contributions of Mr. 
Dobzhansky—has been of great influence 
is that it serves to make the mathematical 
developments of the theory more intelligi- 
ble to working naturalists—who have been 
largely inhibited by the rigorous and for- 
midable mathematical analyses of earlier 
authors.’ 

Professor L. C. Dunn, in his ‘‘ Editor’s 
Preface’’ to the first edition of ‘‘ Genetics 
and the Origin of notes that 
‘Professor Dobzhansky’s book signalizes 


Species, 
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very clearly something which can only be 
called the back-to-nature movement. The 
methods learned in the laboratory are good 
enough now to be put to the test in the open 
and applied: in that ultimate laboratory of 
biology, free nature itself. Throughout 
this book we are reminded that the prob- 
lems of evolution are given not by academic 
discussion and speculation, but by the exis- 
tence of the great variety of living animals 
and plants.’’ 

**Tn all this,’’? Professor Dunn continues, 
‘‘the author appears not only as geneticist 
and as student of natural history, but as 
one who received his training in both fields 
in Russia. English-speaking biologists have 
special cause to be grateful for this last 
fact, for it has enabled Professor Dobz- 
hansky to make available to us many impor- 
tant contributions from workers in the 
Soviet Union, where researches in this field 
have been actively prosecuted. ’’ 

Mr. President, I deem it an honor to 
present to you for the Daniel Giraud Elliot 
Medal and Award, Dr. Theodosius Dobz- 
hansky, professor of zoology in Columbia 
University. 


THE AWARD OF THE WILLIAM H. NICHOLS MEDAL 


Tue William H. Nichols Medal of the 
New York Section of the American Chemi- 
eal Society has been awarded to Dr. Wen- 
dell M. Stanley, in recognition of his dis- 
eoveries in the chemistry of viruses. Dr. 
Stanley is biochemist in the Department of 
Animal and Plant Pathology of the Rocke- 
feller Institute for Medical Research at 
Princeton, N. J., with which he has been 
associated since 1931. 

Dr. Stanley upset the prevailing belief as 
to the origin of disease in 1935, when he 
announced that he had isolated in erystal- 
line form a disease-producing virus and had 
used it to reproduce the disease. By show- 
ing that infectious diseases are not neces- 
sarily caused only by microorganisms and 
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their toxins, he opened a new field of in- 


vestigation in the fight to provide immunity 
against diseases such as influenza, infantile 
paralysis, encephalitis and the common 
cold. 

A study of tobacco mosaic disease led to 
the discovery. From the juice of infected 
plants five pounds of a erystalline protein 
was obtained which exhaustive tests indi- 
cated was the virus causing the disease. 
IIe showed that this virus could be trans- 
mitted from plant to plant, indicating mul- 
tiplication or reproduction of the virus, and 
consequently that viruses, though chemicals 
without life, are able to reproduce them- 
selves in the presence of living matter. 

Since 1985 Dr. Stanley has developed 
chemical and physical of making 
viruses inactive while retaining their ability 
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to produce immunity. Last spring he an- 
nounced a new influenza vaccine, ten times 
as effective as the previously 
known. 

In the citation accompanying the award, 
the American Chemical Society emphasizes 
his isolation of the tobacco mosaic virus as 
a turning point in the virus field. It reads: 

**TIn 1935, Stanley isolated a crystalliza- 
ble nucleoprotein of high molecular weight, 


strongest 


which possessed the properties of tobacco- 
mosaie virus, from Turkish tobacco plants 
For the first 
time it was possible to correlate virus activ- 
ity with a definite, tangible, physical entity. 
During the past ten years, Stanley has 


diseased with tobacco mosaic. 


« 
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amassed an array of data through exhaus- 
tive chemical, physical and biological tests 
which have indicated that this particular 
nucleoprotein is the tobacco-mosaie virus. 

**Dr. Stanley not only made the signal 
discovery that was a turning point in the 
virus field, but in addition has created at 
Princeton a center for virus research. 
‘rom his laboratory has come a series of 
brilliant contributions on the chemical and 
physical properties of various viruses, ani- 
mal as well as plant.’’ 
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Dr. Stanley was born in Ridgeville, Ind.. 
on August 16, 1904, and received his bache- 
lor of science degree from Earlham College, 
Richmond, Ind., in 1926. Continuing his 
studies at the University of Illinois, he re- 
ceived a master of science degree in 1927 
and a doctor of philosophy degree in 1929. 
After teaching at Illinois for a year, he be- 
came an International Research Council 
fellow and studied for two vears at Munich, 
joining the Rockefeller Institute on his 
return. Dr. Stanley was awarded a $1,000 
prize in 1937 by the American Association 
for the Advancement of Science and the 
Isaac Adler Prize of $2,000 in 1938 by the 
Harvard Medical School. In the same vear 


H. NICHOLS MEDAL 


he received the Rosenberger Medal from 
the University of Chicago and the John 
Scott Medal, with a premium of $1,000 from 
the City of Philadelphia. The honorary 
degree of doctor of science was conferred 
on him by Harvard and Yale Universities 
and by Earlham College. 

Dr. Stanley was the Sigma Xi national 
lecturer in 1938 and held the Hitchcock 
professorship at the University of Cali- 
fornia in 1940. He was visiting professor 
of chemistry at Earlham College in 1941, 
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and the following year he served as both 
Messenger lecturer at Cornell University 
and Vanuxem lecturer at Princeton Uni- 
versity. 

The Nichols Medal Award, which is con- 
ferred annually to stimulate original re- 
search in chemistry, was founded by the 
late Dr. William H. Nichols, a charter mem- 
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ber of the American Chemical Society and 
chairman of the board of the Allied Chemi- 
cal and Dye Corporation. The presenta- 
tion to Dr. Stanley will be made on March 
8, at a joint meeting at the Hotel Penn- 
sylvania in New York of the New York 
Section of the Chemical Society and the 
Society of Chemical Industry. 


THE DEAN OF THE COLLEGE OF VETERINARY MEDICINE 
OF THE UNIVERSITY OF ILLINOIS 


Proressor Ropert GRAHAM has_ been 
named dean of the new College of Veteri- 
nary Medicine of the University of Illinois. 
He was the unanimous choice of the com- 
mittee appointed to make recommendations 
for the new post. 

Professor Graham has been a member of 
the University of Illinois faculty since 1917, 
and since 1941 has been head of the depart- 
ment of animal pathology and hygiene. 
He was professor of veterinary science at 
the University of Kentucky from 1911 to 
1917. He is a native of Iowa, and received 
the degree of doctor of veterinary medicine 
from Iowa State College in 1910. He also 
received a degree from the University of 
Kentueky in 1912 where he served as vet- 
erinarian to the State Board of Health and 
as pathologist to the State Live Stock Sani- 
tary Board. 

During the first World War he was a 
captain in the army veterinary corps, and 
later a major in the reserves. In 1924-25 
he was engaged in special investigations in 
animal diseases in Haiti. He developed 
the first anti-toxin for botulinus poison in 
man, at the University of Illinois in 1919, 
and in 1928, with I. B. Boughton, identified 
type-C botulism as the cause of limberneck 
in poultry. 

He has had broad experience in veteri- 
nary medicine and the closely related fields 
of agriculture and public health. 

He has made significant contributions to 
knowledge of forage poisoning, parasitism 
and of encephalitis in horses and mules; 
brucellosis, erysipelas, enteritis so- 


called ‘‘baby-pig disease’’ of swine; para- 
sitism, abortion and listerellosis of sheep; 
and the development of methods employed 
in sterilizing incubators used by commer- 
cial hatcheries and the preparation of egg- 
propagated vaccine used in immunizing 
chickens and turkeys against fowl pox. 

Dr. Graham has done important work in 
the extension program in animal pathol- 
ogy, a part of the extension work of the 
College of Agriculture of the University 
and of the U. S. Department of Agricul- 
ture. 

Since 1919 the diagnostie service of the 
Division of Livestock Industry of the Tli- 
nois State Department of Agriculture has 
been conducted in the Laboratory of Ani- 
mal Pathology of the University under the 
direction of Dr. Graham. Evidence of its 
increasing service is shown in the record of 
121,000 specimens submitted for laboratory 
diagnosis last year, as compared to 26,000 
ten years ago. 

In 1925 the U. S. Department of State in 
connection with the American occupation 
of Haiti asked Dean Graham to survey ani- 
mal diseases in that nation. Animals were 
imported, instruction undertaken and elin- 
ies established under his direction. 

He also has served the Federal Govern- 
ment as expert witness in giving court tes- 
timony exposing worthless remedies sold 
under false claims, saving livestock and 
poultry producers large sums of money. 
During World War II he was a member 
of the Illinois Veterinary Procurement and 
Assignment Committee. 
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APPOINTMENTS AT CORNELL UNIVERSITY 


Two appointments at Cornell University 
have been made recently. 

Dr. George C. Kent, of Iowa State Col- 
lege, who was recently appointed professor 


DR. GEORGE C. KENT 
PROFESSOR OF PLANT PATHOLOGY, CORNELL 
UNIVERSITY 


of plant pathology at Cornell University, 
will take over the teaching of the general 
course in plant pathology, formerly given 
by the late H. H. Whetzel. He plans also 
to devote time to research. His natural 
preference would lead to further study of 
root diseases and certain cereal diseases. 
At Iowa State College, Dr. Kent gave the 
general course and some advanced classes, 
counseling students, and research which in- 
eluded the following studies: inhibiting 
substances produced by plant pathogens; 
orchard diseases; soybean diseases and dis- 
eases of forage crops; root troubles of soy- 


bean and cereal crops, and the feeding of 
moldy corn to farm animals. Dr. Kent also 
worked with Dr. I. E. Melhus in the publi- 
cation of a volume entitled ‘‘ Elements of 
Plant Pathology.’’ 

Dr. Harold H. Williams, associate direc- 
tor of the Research Laboratory at Detroit 
of the Children’s Fund of Michigan, has 
been appointed professor of biochemistry. 
Dr. Williams, before becoming associated 
with the Children’s Fund, served as a re- 
search student in the Institute of Animal 
Nutrition at Pennsylvania State College 
and later in the laboratory of animal nutri- 
tion at Cornell University. Dr. Williams is 
co-author with Icie G. Macy of the book 
entitled ‘‘Hidden Hunger,’’ published by 
the Jaques Cattell Press. 


DR. HAROLD H. WILLIAMS 
PROFESSOR OF BIOCHEMISTRY, CORNELL UNIVERSITY 
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IRA L. BALDWIN, NEW DEAN AT THE UNIVERSITY OF WISCONSIN 


University of Wisconsin Photographic Laboratory 
DR. IRA L. BALDWIN 

DEAN AND DIRECTOR, COLLEGE OF AGRICULTURE, 

UNIVERSITY OF WISCONSIN 


APPOINTMENT OF DR. PADY AT 


Dr. Stuart M. Papy has joined the staff 
of the Department of Botany and Plant 
Pathology of the Kansas State College. 
For the past nine years he has been assistant 
head of the Department of Botany and 
Plant Pathology of Kansas State College. 

From 1936 to 1943, Dr. Pady was head 
of the Department of Biology at Ottawa 
University, Kansas, where he was actively 
engaged in teaching and in research on 
mycology. From 1943-45 he worked as 
pathologist for the Emergency Plant Dis- 
ease Prevention program under the Bureau 
of Plant Industry, stationed at Manhattan, 
Kansas, of the United States Department of 
Agriculture, and covering the two States 


Kansas and Nebraska. He took up the 


Dr. Ira L. BAupwin, the new dean of the 
College of Agriculture of the University of 
Wisconsin, is a native of Oxford, Indiana. 
He was graduated from the Purdue School 
of Agriculture in 1919 and immediately 
joined the faculty. He obtained his mas- 
ter’s degree two years later, remaining at 
Purdue until 1925, when he went to the 
University of Wisconsin, obtaining his doe- 
torate in 1926. In 1927 Dr. Baldwin re- 
signed at Purdue to join the faculty of the 
University of Wisconsin, where he became 
professor of bacteriology. 

He has served successively as chairman 
of the department of bacteriology and assis- 
tant dean of the School of Agriculture, and 
for the last year served as dean of the 
Graduate School, a post he relinquished on 
September 15, to become dean and director 
of agriculture. 

Dr. Baldwin was a second lieutenant of 
field artillery in World War I and served 
as consultant to the Army and Navy from 
1942 to 1945. He is the author of many 
scientific articles and co-author of a book 
in the field of bacteriology. 


THE KANSAS STATE COLLEGE 


work in the Department of Botany and 
Plant Pathology on the Agricultural Ex- 
periment Station Staff of the Kansas State 
College with the rank of assistant professor 
of botany in September. The work at the 
present time consists of part-time teaching, 
mainly general botany, part-time research 
work, with some time given to mycological 
collecting and building up the mycological 
and pathological herbarium. It is hoped 
that extensive mycological and pathological 
collecting will be undertaken throughout 
the State in the near future. The research 
program is expected to be centered in cer- 
tain pathological-mycological phases of ce- 
real diseases. He expects later to give 
courses in mycology at the college. 
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A SCIENCE 


BERNARD M. BArucu, testifying recently 
before the Congress, urged the establish- 
ment of a ‘‘Science Cabinet,’’ charged with 
the task of keeping America constantly 
prepared scientifically, this cabinet to con- 
sist of men selected solely on their eminence 
in science. He proposed the appointment 
by the President of an executive manager, 
to be nominated by the board with confir- 
mation by the Senate. He recommended 
that full powers and responsibility should 
rest with the board, which would decide the 
program of research to be followed year 
after year. The chief objects to be attained 


are: 


‘*1. Greatly increase our scientifie brain- 
power, using scholarships and other aids to 
develop new scientific talent in American 
youth. 

‘*2. Continued, vigilant military research 
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CABINET 
in developing new weapons for national 
defense. 

‘*3. Intensify science’s war against dis- 
ease. 

‘*4, Offset the depletion of our natural 
resources. 

**5. Stimulate basic scientific research to 
assure a continued flow of new, fundamen- 
tal, scientific knowledge. 

‘*6. The widest, most efficient spread of 
scientific information, both of as yet undis- 
closed war discoveries and future findings. 

‘‘7, Create a new, permanent, govern- 
ment agency to coordinate these many ac- 
tivities into an integrated, national, scien- 
tifie policy. 

‘*8. This agency to provide the expert 
counsel for the freest, world-wide exchange 
of scientific knowledge and for effective 
policing of the war-geared science of Ger- 
many and Japan.”’ 


THE TWENTY-FIFTH ANNIVERSARY OF THE PLANT INSTITUTE 
OF THE OHIO STATE UNIVERSITY 


Tue Plant Institute of the Ohio State 
University was organized within the Col- 
lege of Agriculture in 1921. Its member- 
ship ineludes the staff and graduate stu- 
dents of departments dealing with plants 
or plant products. The departments con- 
cerned include Agricultural Chemistry, 
Agronomy, Botany and Horticulture and 
Forestry. Other departments of the uni- 
versity regularly invited to participate in 
the meetings Agricultural Eeo- 
nomies, Agricultural Engineering, Bacteri- 


include 


ology, Zoology and Entomology (including 
Genetics), and also the Ohio Cooperative 
Wildlife Research Unit. 

The purpose of the institute has been to 
foster (1) an enlarged college program of 
research with plants; (2) freer cooperation 
among the departments concerned; and (3) 
closer coordination of effort among those 
working with plants. 


Durine the twenty-five years of opera- 
tion the Plant Institute has concerned itself 
with various projects. Of these the holding 
of semi-monthly meetings has been the en- 
during one—the project which has made 
possible a better understanding of the plant 
in all its aspects and roles, and greater 
inspiration and fellowship to the plant sci- 
ence workers themselves. Through this 
medium the facts, perspectives and prob- 
lems of the plant science fields have been 
mutually shared. Other scientists who have 
come to the campus from time to time as 
cuests of the institute and the graduate 
school, have enriched the annual programs 


and have added greatly to the vitality and 
service of the institute to its members and 


friends. 

The program of 1945-1946 is being 
planned by the executive committee in cele- 
bration of the twenty-fifth anniversary of 
the institute. 
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MERGENCY PLANT DISEASE PREVENTION 


During his employment in the Emer- 
gency Plant Disease Prevention Project in 
Washington, D. C., from August of 1944 to 
July, 1945, the writer’s chief duty was to 
serve as consulting diagnostician to twenty- 
four pathologists engaged in making plant 
surveys throughout the United States. 
Each of these twenty-four pathologists 
made individual surveys of the one or more 
States which were assigned to him and all 
forty-eight States were covered in this man- 
ner. The primary object was to determine 
what diseases of economic plants were prev- 
alent in these areas and in what severity 
they occurred, and to suggest methods of 
eontrol. If a disease could not be recog- 
nized by the field pathologist and if the 
causative organism could not be determined, 
some of the diseased material was sent to 
one of two main officees—one at Stillwater, 
Oklahoma, and the other at Washington, D. 
('—where adequate laboratory and library 
facilities made possible the diagnosis of 
most of the diseases. The writer’s duties 
ineluded the identification of many such 
specimens, and this often required isolation 
and culture of the pathogenes, which could 
not be otherwise identified. 

Many hundreds of specimens were re- 
ceived by the writer from the field patholo- 
- gists. As soon as identifications were made, 
they were reported to the field pathologist. 


THE LEDERLE GRADUATE 


Two graduate research felowships have 
been established by the Lederle Labora- 
tories at the Philadelphia College of Phar- 
macy and Science, of which Dr. Ivor Grit- 
fith is president. 

These fellowships extend over a period 
of two years and afford the recipients the 
opportunity to do original research and, at 
the same time, complete the prescribed 


studies leading to the master’s degree. In- 


whose duty was then to prepare a report for 
publication in the widely distributed gov- 
ernment periodical, the Plant Disease Re- 
porter. The pathologist also kept in close 
contact with the State agents and made 
available to those agents whatever informa- 
tion he had obtained on the prevalence of 
the various cliseases and their severity. 
This information made possible the devis- 
ing of effective means for reducing erop 
losses by these diseases and means for pre 
venting the spread of a disease from one 
area to another. 

Another important function of the pro- 
ject was to keep check on any new diseases 
which may have come in by various means 
from some other country and obtained a 
foothold here. The writer examined a 
number of such diseases which had appar 
ently not been heretofore reported in this 
country. In addition to this, a few new 
diseases, apparently not heretofore reported 
or described, were received and studied by 
the writer. Articles describing the dis 
orders and the pathogenes responsible for 
them have been published or are awaitine 
publication. 

LINDSAY S. OLIVE 


DIVISION OF BIOLOGICAL SCIENCE, 
UNIVERSITY OF GEORGIA, 
ATHENS 


RESEARCH FELLOWSHIPS 


elusive of tuition, the value of the awards 
is well over $1,000 per vear. 

The current recipients are Kenneth Avis, 
of Elmer, N. J., a graduate of the Phila- 
delphia College of Pharmacy and Science, 
just returned from two and one-half years’ 
service with the United States Navy; and 
Stanley Secheindlin, Philadelphia, Pa., a 
eraduate of the School of Pharmacy of 
Temple University and winner of a number 
of awards from that institution. 
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NEUROLOGY AND PSYCHIATRY AT THE OHIO STATE UNIVERSITY 


A DEPARTMENT of neurology and psychia- 
try will be established in the College of 
Medicine of the Ohio State University of 
which Dr. Dwight M. Palmer is chairman. 
The change goes into effect immediately. 

Dr. Palmer, who has been given the rank 
of full professor, has been on the medieal 
staff of the university since 1927. After two 
vears as an assistant, he became an instrue- 
tor in 1929, an assistant professor in 1934 
and an associate professor in 1942. 

A native of Scio, Harrison County, 
Ohio, Dr. Palmer was graduated from the 
high school there. He has three deerees 
from the Ohio State University, all with 
honors—the bachelor of science in 1920, the 
doctor of medicine in 1932 and the master 
of science in 1933. 


He has specialized in psychiatry and 
neurology. During the war he lectured to 
physicians at many Army installations. 

Other members of the faculty of medi- 
cine, some of them still on war leave, who 
are being assigned to the new department 
inelude: J. F. Bateman, George T. Harding, 
Frank F. Talman, Harry E. LeFever, pro- 
Franklin C. 
Wagenhals, associate professors; Roy J. Se- 
Clark, 


fessors: Harrison Evans, 


crest, assistant professor; Paul C. 
Charles L. Anderson, Edward Humphreys, 
Attilio Laquardia, Dorothy E. Donley, 
Leonard M. Dub, Nicholas Michael, instrue- 
tors; J. J. Alpers, Robert A. Kidd, Jr., John 
W. Wittenbrook, J. 


Price, assistants. 


BIOLOGY AT THE UNIVERSITY OF ALABAMA 


THE Department of Biology of the Uni- 
versity of Alabama, of which Professor J. 
Henry Walker is head, the work of which 
was formerly housed in three buildings, 
will, after March 1, be carried out entirely 
in Nott Hall. 

Sergeant C. H. Wolfe, general superin- 
tendent of the physical plant of the univer- 
sity, has been appointed supervisor in eol- 
laboration with Robert F. Baird, Sergeant 
J. B. Gregory, John D. Hendrix and Wil- 
lard Ward. 

The building, formerly occupied by the 
Medical School, is now being completely 
remodeled. The new quarters of the de- 
partment will inelude three lecture rooms; 
twelve standard-unit laboratories with ae- 
companying preparation rooms; ten offices, 
and special rooms for graduate studies, 
seminar, museum, herbarium, and 
for specimens, for constant temperature, 
charts and lantern chemicals and 
elassware. 

Fluorescent lighting will be used through- 
out the building, which is being rewired 


rooms 


slides, 


and repainted. The ceiling will be covered 
with acoustical board, and semi-fireproof 
flooring will be added to supplement the 
sprinkler system with which the building is 
already equipped for fire-prevention. As 
an added precaution the wooden stairways 
are being replaced with steel and concrete 
stairs. 

Special laboratories have been designed 
for parasitology, anatomy, physiology, ey- 
tology, histology and micrology. A two- 
story brick building in the rear of the 
building for biology will provide rooms for 
various types of research. Frame buildings 
to be used as animal houses are also pro- 
vided. 

The new home of the department meets 
the standards of some of the best in the 
South, and it will be the first time since 1927 
that its work has been centralized in one 
building. Previously, classes were con- 
ducted in Clark and Smith Halls, and also 
in a small research laboratory in the rear of 
the Medical Building. 
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SHORT NOTES 


An honorary degree was conferred at the 
eighty-first commencement of Purdue Uni- 
versity on Dr. Ira L. Baldwin, dean of the 
College of Agriculture of the University of 
Wisconsin, in recognition of his ‘‘outstand- 
ing work in the fields of science and agri- 
culture.’’ (See page 34.) 


At the fifth anniversary meeting of the 
Cleveland Health Museum presentation of 
the Elisabeth Severance Prentiss National 
Award in Health Education was made by 
radio over the National Broadeasting Com- 
pany Network from New York by Dr. 
James Rowland Angell, president emeritus 
ot Yale University, to Dr. Charles-Edward 
Amory Winslow, Ph.D. In accepting this 
award which was established by the mu- 
seum to stimulate interest in health edu- 
eation, Dr. Winslow gave an address on 
‘“Ten Unattained Goals of Public Health.’ 
Dr. Winslow has taught public health at 
Yale Medical School for thirty years, was 
the first director of a Division of Public 
Health Education in the United States 
(New York State), and has served the Red 
Cross Societies, the League of Nations, and 
many national and international organiza- 
tions in the interest of public health. 


Dr. William B. Sarles, professor of agri- 
cultural bacteriology at the University of 
Wisconsin, has been appointed part-time 
assistant to the President of the University, 
Dr. Edwin Broun Fred. For the past 
thirty-two months on active duty in the 
United States Naval Reserve, he held the 
rank of Commander at the time of assign- 
ment to inactive duty on December 9, 1945. 
At the start of his period of active duty in 
March, 1943, Dr. Sarles was associate pro- 
fessor of agricultural bacteriology at the 
University of Wisconsin, and was secretary- 
treasurer of the Society of American Bac- 
teriologists. 


On October 12 Drs. Manuel Martinez 


Baez, undersecretary of public health and 
welfare, and Francisco de Paula Miranda, 
director of the National Institute of Nutri- 


tion, took one of the Pan American clippers 
for Quebec to attend, as members of th: 
Mexican delegation, the second Interna 
tional Conference on Agriculture and Nu- 
trition, to be held in Quebec. 


Dr. R. H. K. Foster has become associate 
professor of pharmacology at the School of 
Medicine of St. Louis University. He was 
formerly, for ten vears, chief of the Phar- 
macological Research Laboratories of the 
Scientific Department of Hoffmann-La- 
Roche, Inc., Nutley, New Jersey. 


Dr. John S. Niederhauser has been ap 
pointed assistant professor of plant pathol 
ogy at Cornell University to succeed Dr. 
M. F. Barrus, retired. He took up his new 
work on October 1. 

Two new faculty members will take up 
teaching at the beginning of the winter 
quarter in the division of botany of the 
department of biology of Vanderbilt Uni- 
versity in January. Dr. Harold C. Bold, 
formerly on the faculty of Barnard Col- 
lege, Columbia University, and more re- 
eently a lieutenant commander in the Navy, 
will become associate professor of botany. 
Dr. Fred T. Wolfe, who for the past three 
years has been on leave from his position 
as assistant professor of botany for duty in 
the Army, will take his place. 

Grants from the Penrose Fund of the 
American Philosophical Society, Philadel- 
phia, include $500 to R. Buetner and T. 
Cunliffe Barnes, Hahnemann Medical Col 
lege, for a ‘‘General Explanation for the 
Therapeutic Action of the Drugs Which 
Act on the Nervous System’’; $500 to 
Alfred F. Bliss, Albany Medical College, 
for a study of the Chemistry of Color 
Vision ; $2,422 to Otto Meyerhoff, the Uni 
versity of Pennsylvania Medical School, for 
(a) Studies of the Mechanism of the Oxida- 
tion of Triosephosphate by Means of Co- 
zymase, (b) Isolation of labile enzymes 
especially adenylpyrophosphatase — from 
veast. From the Johnson Fund a grant of 
$8,000 has been made to the Academy of 
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Natural Sciences of Philadelphia, in aid of 
the publication of the second and final vol- 
ume of a study by Henry A. Pilsbry, en- 
titled ‘‘Land Mollusea of North Ameriea.’’ 


Dr. John C. Krantz, Jr., professor of 
pharmacology of the School of Medicine of 
the University of Maryland, has received a 
erant of $2,000 from the Eaton Labora- 
tories of Norwich, N. Y., in support of the 
gveneral research program of the depart- 
ment. 


A research grant of $2,000 for a study, 


of the anti-pernicious anemia principle in 
liver from Armour and Company, Chicago, 
has been received by the Department of 
Biochemistry of the College of Medicine of 
the Universtiy of Vermont, of which Dr. 
H. B. Pierce is head. The research will be 
conducted by Dr. E. E. Hays, who was re- 
cently appointed assistant professor of bio- 
chemistry, of the School of Medicine of St. 
Louis University, where he worked in the 
department of biochemistry under Dr. E. 
A. Doisy. Dr. Hays has had experience 
in this field, having engaged in similar re- 
search at the University of Chicago. 


Dr. R. E. Buchanan, director of the Agri- 
cultural Experiment Station at Iowa State 
College, has been named chairman of the 
technical advisory committee of the delega- 
tion of the Iowa Development Commission. 
He was a member of the delegation from 
the United States advisory to the Secretary 
of Agriculture, who was the official dele- 
vate to the Food and Agriculture Oregani- 
zation in Quebec. 


Major Allan Hemingway, until his en- 
tranee into the AAF School of Aviation 
Medicine early in 1943, was assistant pro- 
fessor of physiological chemistry in the 
Medical School of the University of Min- 
nesota, is now on the inactive list of the 
Army and will resume teaching and re- 
search. During the war Major Heming- 
way was in charge of the Biophysics Labo- 
ratory at the School of Aviation Medicine, 
Randolph Field, Texas. The general re- 
program of the consisted 


search school 
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of research on selection and maintenance of 
aviation personnel. The Biophysics Lab- 
oratory functioned as a laboratory for con- 
sultation and cooperative work with other 
departments of the School of Aviation 
Medicine on all problems related to physies 
and engineering. Special problems of the 
Biophysics Laboratory consisted of physio- 
logical investigations related to the effects 
of motion such as motion sickness and the 
effects of exposure to high altitude, cold 
and anoxia. 

Dr. Ralph S. Muckenfuss, director of the 
Bureau of Laboratories of the New York 
Department of Health, has returned to his 
work following a tour of duty as command- 
ine officer of the First Medical General 
Laboratories of the European Theater of 
Operations. In recognition of his work in 
the Army he was awarded the Legion of 
Merit. The First Medical General Labora- 
tory served as the central laboratory for 
the European Theater of Operations hav- 
ing much the same functions that the Army 
Medieal School and Army Medical Museum 
have in the United States. The blood bank 
for sending whole blood to forward hospi- 
tals was organized in association with this 
laboratory. 

The Public Health Research Institute of 
the City of New York, Inc., has announced 
that Dr. Ralph S. Muckenfuss who has re- 
cently returned from service with the 
Army, has been appointed director of the 
Institute and chief of the Division of Infee- 
tious Diseases. 

Dr. Vincent W. Cochrane has been ap- 
pointed assistant plant pathologist at the 
Connecticut Agricultural Experiment Sta- 
tion, to fill the vacaney left by the resigna- 
tion of Dr. George A. Gries. Dr. Cochrane 
will study the root rot disease of ornamen- 
tal and other plants, with particular refer- 
ence to the microbiological population of 
the soil and the products of microbial activ- 
ity as they affect plant growth. Until re- 
cently, Dr. Cochrane was a member of the 
staff of the Lederle Laboratories at Pearl 
River, N. Y. 


t 

S 

e 
\ 


40 THE AMERICAN NATUR ALIST 


The E. L. Patch Company, Boston, 
Mass., has announced the appointment of 
Dr. Charles A. Cook as research director at 
their laboratories in Stoneham. His pre- 
vious experience has been concerned with 
the medical and biochemical properties of 
vitamins, proteins and amino acids, pitui- 
tary hormones and also synthetie and anti- 
biotic chemicals that exhibit antiseptic 
activity. He graduated from the Univer- 
sity of New Hampshire in 1927 and then 
obtained his Ph.D. from Yale, where he 
Was assistant instructor in medical and 
eraduate courses. Dr. Cook was formerly 
director of the department of medical bio- 
chemistry at The Lambert Pharmacal Com- 
pany in St. Louis and prior to this was for 
over ten years in charge of the biochemical 
laboratory at the Burroughs Wellcome and 
Company research laboratories. 

Dr. Paul Weatherwax, professor of 
botany at Indiana University, made an ad- 
dress on December 6 before the University 
of Cineinnati Chapter of the Sigma Xi on 
‘*Indian Corn and the Indian, Long Ago 
and Now.”’ 

An address by Professor Claude E. 
ZoBell, of the Scripps Institution of Ocean- 
ography, entitled ‘*‘ Microbial Transforma- 
tion of Petroleum Hydrocarbons,’’ was 
given at the three hundred and thirty-sixth 
meeting of the Washington Academy of 
Sciences, which was held jointly with the 
Geological Society of Washington on No- 
vember 15. 

Dr. Edwin J. Cohn, chief of the Blood 
Fractionation Laboratories at Harvard 
Medical School and chairman of the De- 
partment of Physical Chemistry at Har- 
vard University, spoke on Research in the 
Medicai Sciences on the evening of Decem- 
ber 27, the fourth of the series of Laity 
Lectures of the New York Academy of 
Medicine devoted to the general subject of 
Medicine To-day. Dr. Cohn, well-known 
for his original and highly important work 
in blood fractionation, will present in his 
lecture a review of the progress which has 
been achieved in research in physics, in 
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chemistry, in biology and in medicine. He 
will trace the relationship of these advances 
to our understanding of the organization 
of the body in health and of its disorgani- 
zation in disease. Against this background 
he will undertake a review of the develop- 
ments of research techniques which have 
taken place in the more recent years and 
their probable effects upon medicine in the 
near future. 


In the lecture series ‘‘Recent Advances 
in Botany’’ now being given at the Brook- 
lyn Botanie Garden, Dr. Ray F. Dawson, 
of the Department of Botany, Columbia 
University, was the first speaker, on Decem- 
ber 12, 1945, on ‘‘Graftine as a Method of 
Study of Drug Production in Plants.’’ 
Each lecture begins at 8:15 p.m. Forth- 
coming lectures in the series are: January 9. 
Control of Dormancy in Plants: Dr. F. E. 
Denny, Boyce Thompson Institute. Febru- 
ary 6. Plants and the Material Basis of 
Civilization: Dr. E. W. Sinnott, Director of 
Sheffield Scientific School and Sterling Pro- 
fessor of Botany, Yale University. March 
6. Effect of Light Periods on Flowering : 
Dr. C. B. Link, Horticulturist at the Brook- 
lvn Botanic Garden. April 3. Plant. Vi- 
ruses and the Nature of Virus Diseases: 
Dr. B. M. Duggar, University of Wiscon- 
sin, and Lederle Laboratories. 


A bequest from Miss Sarah Henderson of 
$1,075,000 for the endowment of the chair 
of tropical medicine and for the improve- 
ment and changes in the department, has 
been received by the School of Medicine of 
Tulane University, New Orleans. 


Announcement has been made of ten 
one-year fellowships in psychiatry at the 
University of Michigan with an annual 
stipend of $2,000. These fellowships are 
under the aegis of the Office of Veterans’ 
Affairs of the State of Michigan. The 
appointees will be trained at the Neuropsy- 
chiatric Institute of the university. Appli- 
cants must be graduates of a class A medi- 
cal school and must complete a rotating 
interneship before becoming fellows. 
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BOOK REVIEWS’ 


EDITED BY 
PROFESSOR CARL L. HUBBS 


Embryologie Chimique. By JEAN BRACHET. 
Liege: Editions Desoer. Paris: Masson 
et Cie., 1944: 1-509, fies. 1-127. 420 fr. 
STUDENTs of development, irrespective of 

special fields of study, should regard with 

enthusiasm the increased interest of sys- 
tematists, geneticists, biochemists and phys- 
iologists in the events of individual develop- 
ment. All share a common objective with 
the experimental viz., the 
understanding of the events of ontogeny, 
and the reconstruction of the sequence of 
changes responsible for the production of 
an adult with characteristic structural and 
behavioral patterns. The difference 
found in the immediate method or methods 
of attack. All make their direct contribu- 
tion to our understanding evolution, 
though the most obvious contributions in 
the past have been from the experiments of 


embryologist, 


is 


of 


the geneticists. 

Of the several books received from the 
freed countries of Europe which have been 
published since the liberation, one, ‘*Em- 
bryologie Chimique,’’ by Jean Brachet, of 
the University of Bruxelles, will be wel- 
comed by all mentioned above. Dedicated 
to his father, who was a professor at the 
same university, the book is a summary and 
discussion of the physiology of development 
by one who, trained extensively in biochem- 
istry, has devoted his time to embryology. 
It was planned and written during the Ger- 
man oceupation and published immediately 
after the liberation of Belgium. In read- 
ing the book one must remember that 
Brachet was familiar with but a part of 
the work published outside of Germany 
and German-occupied countries after 1940. 

While ‘‘Embryologie Chimique’’ may 
have some general scientific appeal it is, as 

Mxeept as otherwise indicated, all items are 
prepared by the Review Editor, Dr. Carl L. Hubbs, 


Seripps Institution of Oceanography, University 
of California, La Jolla, California. All opinions 


are those of the reviewer. 
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Brachet states, addressed ‘‘avant tout aur 
biologistes’’ and adds, ‘‘et nous souhaitons 
quil puisse attirer quelques-uns dans la 
voie fertile de l’embryologie chimique.’’ 
The plan of the book, dealing as it does 
with the biochemistry and physiology of 
development, is almost unique in that he 
has chosen to hold ‘f‘au plan classique des 
livres d’embryologie: partant des cellules 
reproductrices, nous aboutissons a Vem- 
bryon doté de ses organes fondamentaux.”’ 
The biochemical contributions are thus 
rendered more impressive and meaningful. 

Following a the problems 
and the methods of chemical embryology, 
Brachet devotes a chapter each to sex-de- 
termination, gametogenesis, fertilization 
and segmentation. Each chapter ends 
with a short discussion of the conclusions 
which may be drawn from the work re- 
viewed and a statement of the author’s 
views. He then turns to a subject which 
has concerned him very directly, the syn- 
thesis, location and physiological réle of 
the nucleic acids. This chapter he divides 
into two sections. The one deals with syn- 
thesis, in which, as in former publications, 
he discusses forms with partial synthesis 
and those with total synthesis. The other 
section, with a sub-section on the chromo- 
somes, deals with the location of the acids 
and their functions, both in the resting cell 
and in the cell during Here 
Brachet draws on material aside from the 
embryo and considers the relation between 
cytoplasm and nucleus. Chapter 7 con- 
tains a discussion of the energetics of de- 
velopment under the heading of growth, 
differentiation and metabolism. 

Chapters VIII and IX, respectively, are 
devoted to the chemical embryology of the 
invertebrates and of one vertebrate group, 
the amphibians. As might be anticipated, 
the first deals primarily with the annelids 
and molluses, the tunicates and the echino- 


section on 


mitosis. 
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derms. These forms, while well known to 
Brachet, experimentally are not as familiar 
as the Amphibia, on which more of his own 
2xperimental analyses have been based. 

Since the publication of the classical 
paper by Spemann and Hilda Mangold in 
1924, the investigations of many experi- 
mental embryologists have been concerned 
with the organization-center and induction. 
Chapter X, in which these subjects are pre- 
sented, is the longest in the volume. After 
a preliminary statement, the cytochemical 
studies on the regions of the gastrula are 
summarized, the whole serving as a good 
introduction to the discussions of the me- 
tabolism of the ‘‘organizer’’ and the sig- 
nificance of its metabolism to induction. 
Two sections follow, the first dealing with 
the nature of the inducing substance and 
the second with the specificity of the in- 
ductors. In the first the author reviews 
quite impartially a field to which he him- 
self has made many contributions. In 
the second he cautiously considers the ques- 
tion as to the nature of any specificity resi- 
dent in the inducing material. He confines 
himself to a survey of the work of several 
investigators and a remark to the effect 
that the question remains ‘‘bien obscure d 
Vheure présente.’’ The chapter closes 
with the usual valuable discussion and 
conclusions. 

After a brief chapter on the biochemistry 
of regenerating organisms, Brachet con- 
cludes with a review of those things which 
have been accomplished, those subjects 
which are controversial and those avenues 
of research which he believes may prove 
most fruitful. The chapter is suggestive. 

**Embryologie Chimique’’ is a well-bal- 
anced, clearly written and well-documented 
book. Several times one reerets that a dis- 
cussion is not more complete. From the 
standpoint of the objectives, that was obvi- 


ously impossible. It can be hoped, how- 


ever, that the book will lead some investi- 
gators into this fertile field and that, in 
addition, it may serve to inform some in 
neighboring fields of the accomplishments 
of the’ newer experimental approach to 
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development. — Hoapiey, Harvard 
University, Cambridge, Mass. 


Physical Chemistry of Cells and Tissues. 
3y Rupotr Héser. With the Collabora- 
tion of David L. Hitchcock, J. B. Bate- 
man, David R. Goddard, Wallace O. 
Fenn. Philadelphia and Toronto: The 
Blakiston Co., 1945: i-xiii, 1-676, figs. 
1-70. $9.00. 

Five outstanding authors, representing 
the fields of general physiology, biochem- 
istry, physical chemistry, biophysics and 
plant physiology, have prepared in this 
substantial volume, a work which will be of 
wide interest and great value to research 
workers, teachers and advanced students in 
the newer school of physiology. 

The subject-matter is ‘‘physiology as a 
branch of physical chemical science dealing 
with life as a physical, though exceedingly 
complex system, that may be subjected to 
scientific analysis like any other object.”’ 
The successful purpose of the authors has 
been to emphasize, in logical sequence, the 
profound physicochemical bases through 
which various life processes are derived. 

There are eight sections, most of which 
are each preceded by a short illuminating 
introduction. The subject-matter is clearly 
written, penetrating and eritical. It is 
supported by adequate numbers of mathe- 
matical and chemical equations, structural 
formulae, tables, graphs, diagrams, simple 
drawings and a rich bibliography (there 
are 21 pages in the author index). The 
bibliography is presented in the form of 
footnote annotations, as in many other 
recent books. While this manner of pres- 
entation has advantages, one regrets the 
omission of titles of papers thus cited. 

The first section (by Hitchcock) deals 
with certain important principles of physi- 
cal chemistry, including diffusion in liquids, 
chemical reactions and their catalytie con- 
trol, enzymic processes, outlines of ther- 
modynamiecs, electromotive force, osmotic 
properties and colloidal phenomena. 

Section 2 (by Bateman) considers the 
physicochemical, structural and functional 
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role of large molecules and molecular ag- 
eregates in living material. 

In sections 3 to 5, Héber discusses the 
veneral architecture of protoplasm, the 
permeability of cell-membranes to water, 
acids and bases, polar and non-polar solutes 
including dyes, the physicochemical con- 
stitution of plasma membranes and the 
influence upon cellular activity of various 
outside factors. 

Respiratory activities of cells and tissues 
are discussed by Goddard in section 6. 
Consideration of the nature, energetics and 
kinetics of respiration are followed by a 
treatment of the nature of oxidation, a sub- 
stantial review of the various respiratory 
enzymes, and shorter chapters on the origin 
of carbon dioxide, relations between fer- 
mentation and respiration, and the utiliza- 
tion of liberated energy. 

In section 7 Fenn discusses contractility, 
devoting a short chapter to a survey of con- 
tractile tissues in general and a lenethy one 
to the physicochemical structure of muscle 
and the chemical events in various phases 
of muscular activity. 

Hober devotes the eighth and final see- 
tion to a consideration of recent advances 
in studies of the passive penetration and 
active transfer of materials in tissues of 
animals and plants. Selected topics in- 
clude intestinal absorption, kidney fune- 
tion and the elaboration of urine, general 
permeability and osmotic processes of the 
body surfaces of plants and animals, the 
secretion of digestive fluids, and the ener- 
vetics and mechanisms of active transfer of 
solutions. 

Notwithstanding the number of pages in 
the book the volume is of normal, handy 
size, as the paper is fairly thin. The print 
is clear and very readable. The binding 
is excellent and the covers stout and wash- 
able-— Denis L. Fox, Scripps Institution 
of Oceanography, University of California, 
La Jolla, Calif. 


Microbes of Merit. By OrTto RaAun. 
Laneaster, Pa.: The Jaques Cattell Press, 


1945: i-viii, 1-277, frontisp., figs. 1-101. 
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$4.00.—In a census of the bacterial popu- 
lation of the United States taken by a most 
ingenious method, the author arrives at the 
conclusion that out of every 30,000 bacteria 
29,999 are harmless, useful or even neces- 
sary to our well-being. Compared with 
the human race, of which one out of every 
17,000 in the United States was convicted 
of murder in 1942, bacteria present a 
pretty good record. The foregoing example 
illustrates the way in which Dr. Rahn has 
humanized microbes of merit in a style 
which is both entertaining and instructive. 
Discussed under this heading are the main 
eroups of bacteria, yeasts and molds which 
are beneficial to man in various and sundry 
ways. Particular emphasis is placed upon 
the microbes which act as scavengers, aid 
animals in the digestion of food, contribute 
to soil fertility, function in the cycle of 
elements, and upon those which are of eco- 
nomic importance. Sometimes blundering 
bacteria cause the spoilage of food, but 
others contribute directly or indirectly to 
our daily bread. Not only do they contrib- 
ute by aiding in the production of cheeses, 
butter, sauerkraut and pickles; their rich- 
ness in proteins, fats, minerals and vita- 
mins suggests the possibility that microbes 
may be the food of the future. The chap- 
ter on the role of yeasts in the production 
of wine, beer, aleohol, whiskey and other 
fermentation products by itself is sufficient 
justification for the book. Although ‘‘bae- 
teria have no brains’’ and a few have bad 
reputations, in an epilogue the author pic- 
tures life on an imaginary earth without 
microbes as hardly worth living. 

This popularized account of beneficial 
bacteria will be of interest to the lay as well 
as to the professional microbiologist. Ex- 
cellent analogies and new viewpoints are 
intriguing. The text is profusely illus- 
trated with carefully selected photographs, 
microphotographs, drawings and subtle car- 
toons. Reading the book will prove to be 
both pleasant and profitable. Although the 
author has characterized the appearance of 
bacteria as uninterestingly monotonous, he 
has done a good job of vitalizing the activi- 
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ties of microbes of merit.—CLAUDE E. Zo- 
BELL, Scripps Institution of Oceanography, 
University of California, La Jolla, Calif. 


Plant Growth. By L. Epwin Yocum. 
Lancaster, Pennsylvania: The Jaques Cat- 
tell Press, 1945: 1-203, figs. 1-25, pls. 1-16. 
$3.00.—The difficult task of presenting the 
facts of plant growth in palatable form to 
the intelligent lavman and plant lover has 
never been successfully solved by 
plant physiologists. Professor Yocum has 
endeavoured to remedy this condition, and 
his book must be judged by how well it 
does the job. In the words of the author, 
““Tt is an attempt to make clear the ‘how 
and why’ of plant growth.”’ 

The book would probably provide the 
enthusiastic Victory gardener with the 
answers to many of his problems if he pos- 
sessed the patience and tenacity to wade 
through twenty-five assorted chapters with 
titles ranging from ‘‘Cell Structure and 
Protoplasm’’ to ‘‘Inseets and Diseases.’’ 
However, it is more than likely that he 
would have become swamped in a mass of 
detail without having achieved his objec- 
tive, or having obtained a clear picture of 
the principles of plant growth. 

It is questionable whether the conven- 
. tional linkage map of the chromosomes of 
Drosophila has a useful place in a book of 
this nature. A more fortunate arrange- 
ment of textual material with the plates 
would have enabled the reader to turn di- 
rectly from plate to text; e.g., Plates VIII 
and IX are inserted between pages 118— 
119, but are referred to on pages 147-148. 
There is reason to doubt that some of the 
plates (Plate VI and Plate XVI) illustrate 
very clearly what the author had in mind. 
References for advanced reading are given 
at the end of most chapters. There is 
a glossary and an index.—THoMAs W. 
8S. Department of Agricul- 
ture, Box 150, La Jolla, Calif. 


very 


Vol. LXXX 


Reptiles of the Pacific World. By 
ARTHUR LoveripGE. New York: The Mac- 
millan Co., 1945: i-xii, 1-259, pls. 1-7. 
$3.00. Washington: The Infantry Journal, 
1945 : i-xii, 1-243, pls. 1-7. $0.25 (Service 
edition, paper).—A layman’s field book on 
any group of animals is no better than the 
means of specific and generic identification 
that it offers, because few people enjoy read- 
ing about unfamiliar animals. By inelud- 
ing only technical keys to the Pacific rep- 
tiles and amphibians Loveridge has missed 
an opportunity to help many a lonesome 
service man pass weary hours of isolation. 
The few illustrations are uninteresting and 
there is no map in the service edition, the 
inexperienced user being helped only by a 
distribution table. On the other hand, the 
text, made up largely of descriptions of 
habits, is accurate and interesting. Her- 
petologists and zoologists in the Pacifie and 
elsewhere will find this work extremely use- 
ful. 

One of the fourteen chapters deals with 
snake-bite and its treatment. Here the 
author has failed to consider the work of 
Australian investigators on the effect of 
elapid venom; what information he does 
vive is not always up-to-date. For instance, 
he repeatedly advises the use of potassium 
permanganate although recent experiments 
indicate that its use may be more harmful 
than beneficial. He fails to warn against 
the indiscriminate use of antivenin made 
from horse serum. However, for these 
faults and omissions Loveridge should not 
be too severely blamed, since a more scat- 
tered, confused, and contradictory litera- 
ture than that on snake-bite and its treat- 
ment is impossible to find. 

The service edition has a paper cover, and 
is conveniently printed on light paper in 
pocket size —Cuirrorp H. Chicago 
Natural History Museum, Chicago 5, Ill- 
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SECTION ON GENETICS AND EVOLUTION 


CERTAIN ASPECTS OF REPRODUCTION 
IN A HERD OF SILVER FOXES 


OLIVER P. PEARSON anp CHARLES F. BASSETT 
SWARTHMORE COLLEGE AND FuR ANIMAL EXPERIMENT STATION, 
FISH AND WILDLIFE SERVICE, SARATOGA SPRINGS, N. Y. 


‘For a number of years careful records have been kept 
otf many phases of reproduction in the herd of silver 
foxes, Vulpes fulva, at the U. S. Fur Animal Experiment 
Station, Saratoga Springs, New York. Some of these 
records have been analyzed in this report in an attempt 
to present a quantitative picture of the process of repro- 
duction in a species that has not long been subjected to 
domestication. The season of mating and the number 
of pregnancies each year have been affected in most of 
the laboratory and domestic animals by centuries of close 
association with man, but the silver fox has only been 
kept in captivity for about 60 years. The latest captive 
generation is nearly as intractable as the first. 

The number of foxes treated in this report falls short 
of the total desired for high statistical reliability, but 
since we know of no comparable collection of data, we 
feel justified in publishing these extensive observations 
and in drawing certain conclusions from them. It must 
be kept in mind that foxes are seldom kept under exactly 
the same conditions vear after year, least of all at an 
experimental station such as the one at Saratoga. The 
diet, method of mating and other management practices 
have undergone considerable experimentation since 1930, 
when observations on this herd were first recorded. The 
effects of such changes on some aspects of reproduction 
are hopelessly complex. We shall discuss here only those 
aspects which we feel have not been seriously affected by 
these variations in handling, or, when some experimental 
procedure obviously endangers the accuracy of the con- 
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clusions, we shall omit the experimental animals from 
the calculations. 
THe Time or Martine 

Silver foxes have a single estrus lasting one to six days 
of each year. Usually it occurs during February, but 
in most years a few vixens will mate in January and a 
few others not until March. Since 1932 the earliest mat- 
ing at Saratoga has been on January 10th and the latest 
on April Ist. Johansson (1938) reported an almost 
identical breeding season for foxes on several farms in 
Sweden. On one English farm matings extended from 
January 12th to March 19th (Rowlands and Parkes, 
1936). 

Most fox pups are whelped in March or April and 
males and females are capable of breeding in the next 
spring when they are about 10 months old. I"ox ranchers 
have long known, however, that the yearling vixens tend 
to breed later than the adults, so in this study of the time 
of mating the yearling and adult averages have been kept 
separately. In each year the date of the first recorded 
mating of each vixen has been taken as the time of 
estrus, although in many cases she may actually have 
become receptive 2 or 3 days earlier. As an indicator 
of the beginning of estrus, therefore, the time of the first 
mating may be inaccurate by as much as 3 days in a few 
individual cases. The majority of the vixens in this 
study were mated on the first or second day of heat, how- 
ever, so in the large groups considered here it may be 
assumed that the average time of mating is between the 
first and second day of estrus. 

The mean mating date of all the adults during the last 
13 years was February 12th. This average was obtained 
by finding the mean mating date of the adults in each 
year, then calculating the mean of these thirteen values. 
In this way each year was given equal weight regardless 
of how many or how few foxes mated in that year. If 
the division into years is discarded and all the mating 


No. 786] ASPECTS OF REPRODUCTION 47 


dates are added together, the mean is found to be Febru- 
ary 13th with a standard deviation of 9.9 days. The 
mean mating date of the yearlings, caleulated by the 
method of weighting each year equally, was February 
21st, or 9 days later than the adult average. Discarding 
the division into years, the mean yearling mating date 
was February 20th with a standard deviation of 12.0 
days (Table 1). Johansson (1940) stated that yearling 
females mated about 2 weeks later than adults. Ina 
single year in a herd studied by Kellogg (1941), 256 
vearlings whelped on an average 3 weeks later than 310 
adults that were whelping their second litters. Thirty- 
four 2-year-olds bearing their first litters had an aver- 
age whelping date intermediate between yearlings and 
adults with their second litters. Since gestation seldom 
varies more than one day from 52 days, the mean mating 
dates must also have differed by three weeks. 

The standard deviations given above show that the 
time of mating among yearlings is more variable than 
among adults. 

The problem of why yearlings mate later than adults 
is more complex than it appears to be at first glance. To 
say that the young simply do not mature quite soon 
enough to mate at the same time as the adults is to avoid 
the real problems that are involved. What organs are 
responsible for this immaturity, and why should they 
require longer to mature in some years than in others? 
Not only is the mean mating date of the yearlings quite 
variable from year to year, but it does not even bear a 
constant relationship to the mean adult mating date. It 
is always later than the adult mating date, but it may be 
seen in Table 1 that in 1944 the yearlings mated on the 
average 16 days later than the adults, whereas in 1941 
they mated only 2 days later. . 

The difference between the mean yearling mating dates 
in different years might be accounted for in some years 
by a difference in the mean date on which the breeding 
yearlings were whelped. If all the yearlings that were 
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kept for breeding stock one year happened to be ones 
that were whelped late, it might be expected that they 
would, on the average, breed late. Johansson (1938) 
stated that there was no such tendency in the foxes 
studied by him, but among 194 yearlings in the Saratoga 
herd there was a low correlation between the date that a 
vixen was born and the date that she mated in her first 
TABLE 1 


MEAN MATING DATES OF THE SARATOGA HERD OF FOXES 


Adult vixens Yearling vixens 
Year Number Mean date of Number Mean date of 
averaged mating averaged mating 
1932 9 February 10 +t February 17 
1933 11 5 10 12 
1934 11 4 + 4 10 
1935 10 13 10 19 
1936 an 7 26 
1937 19 18 15 22 
1938 25 13 18 25 
1939 9 22 20 27 
1940 35 19 29 March + 
1941 48 17 32 February 19 
1942 67 9 3 ss 14 
1943 57 , 11 20 19 
1944 44 11 17 yA j 


season (+ .27 + .07)', which means that there was a 
slight tendency for early-whelped yearlings to mate early, 
and for late-whelped yearlings to mate late. This ten- 
dency was less distinet in the second year, and absent in 
the third. This confirms the statement made by Kelloge 
(1941) that a somewhat higher percentage of early-born 
yearlings whelp earlier first litters than do late-born 
vearlings. In spite of this tendency the mean mating 
date of yearlings was not always late in seasons after 
the mean birth-date of these same yearlings was late, nor 
early in seasons after early whelpings. The variation 
in the mean mating date of the yearlings from year to 
year, therefore, can not be explained by the slightly dif- 
ferent whelping dates in different years. 

The mean mating dates of 73 vixens that mated in each 
of their first 8 vears were compared. Since these records 


1 The standard error will be used throughout this paper. 
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were spread over a 14-year period, each mating date was 
adjusted to compensate for the fact that the entire herd 
mated much earlier in some seasons than in others. All 
the adult mating dates in each season were advanced or 
retarded the necessary number of days to cause the mean 
for that year to fall on February 12th, the mean for all 
vears, and yearling mating dates were adjusted to a mean 
of February 21st. This was merely a method of adjust- 
ing all years to the same level so that mating dates in 
different years would be more nearly comparable. These 
73 vixens bred on the average 7 days earlier in their 
second year than in their first, and 2} days earlier in 
their third than in their second year. This difference 
of 24 days is only 1.9 times its standard error, and is 
not certainly significant, although additional data might 
prove it to be. : 

If the mating dates are not shifted to compensate for 
vearly variation, the results are little different. By this 
method of computation these vixens mated 6} days earlier 
when they were 2 years old than when they were year- 
lings, and 33 days earlier when they were 3 years old 
than when they were two. 

There is apparently a slight tendency for sisters to 
mate at approximately the same time. The correlation 
between the mating dates of 80 pairs of adult sisters (lit- 
termates) after adjustment as above for differences in 
the mean mating date of the herd in different seasons, 
was ++ .28+.10. Part of this correlation may depend 
upon the fact that the sisters necessarily were born on 
the same date. It was shown above that there was a 
definite correlation between date of birth and date of 
mating in the first year, but this does not apply to the 
present situation in which only adults were considered. 
The correlation between the date on which a vixen was 
born and the date on which she mated in her first adult 
season (her second breeding season) was -++ .14 + .09. 
There was no detectable correlation in the third vear. 
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Facrors INFLUENCING THE TIME OF Martina 

Many experiments conducted during the past 15 years 
have led to the widespread belief that the increasing 
length of day in the spring is the stimulus that brings 
spring-mating animals into breeding condition. Un- 
doubtedly this is a major factor. In the fox, however, 
it is probably not the only one because the mating season 
is considerably earlier some years than others, whereas 
the lengthening of the days is almost the same every 
spring. There is no doubt that the mean mating date 
of the adult herd varies significantly from year to year, 
even when the herd is composed of the same individuals 
in those years. Rather than assume that such a herd 
responds differently to the same light stimulus in differ- 
ent years, it seems safer to assume that some factor, or 
factors, other than light also influence the time of mating. 

Temperature was investigated as a possible factor. 
The mean mating dates of the adults and yearlings in 
the herd for each year from 1933 through 1944 were com- 
pared with the mean, mean maximum and mean minimum 
temperatures of the preceding autumn and winter months. 
The months from September through February were com- 
pared both singly and collectively. No close relationship, 
however, between temperature and mating date was un- 
covered. 

Of interest in connection with the effect of temperature 
and light on the time of mating is the observation that 
fox breeding in Scotland is not significantly later than 
in England (Rowlands and Parkes, 1936). Johansson 
(1940), however, stated that estrus appeared earlier in 
the south of Sweden than in the north. Obviously, more 
observations are needed on this important aspect of re- 


production. 

It is possible that different methods of feeding and 
managment have some effect on the time of mating. 
Some fox ranchers believe that allowing the males and 
females to be together during the proestrous period 
eauses the vixens to come into heat sooner than if the 
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sexes had been kept separated. The males and females 
at Saratoga have been penned together for a few hours 
at frequent intervals during proestrus in every year 
except 1939. In that year the males were placed with 
the vixens only when a mating was expected, and as a 
result, the vixens were not subjected to the lively court- 
ing activity that occurs when the two sexes are together. 
The mean mating date of the herd was later in 1939 than 
in any other of the 18 years studied. 

Although final proof is lacking that the presence of a 
male fox advances estrus, this association of the sexes 
may be the reason why foxes mate earlier in the wild 
than in captivity (Seton, 1909). 


INDIVIDUALITY IN THE TIME oF MATING 


A tendency for a particular vixen to mate at the same 
{ime each year is shown by the correlation between the 
mating date of each female in her first (yearling) breed- 
ine season and the average date on which she mated in 
the following years. The coefficient of correlation for 
127 vixens was + .45+.07. This moderate correlation 
demonstrates a definite tendency for adult vixens to mate 
at the same time in the breeding season, relative to the 
other adults, as they did when they were yearlings, rela- 
tive to the other yearlings. This fact is interesting be- 
sause it shows that although yearling foxes mate later 
than adults, the mechanism that determines whether in 
later years they will mate early or late is already oper- 
ating. 

An analysis of the variance of the mating dates of 
adult vixens revealed a distinct tendency for individuals 
to mate at about the same date in each season. Table 2 
summarizes the caleulations and shows that, in general, 
individual vixens adhered more nearly to their own char- 
acteristic mating date than they did to the mean mating 
date of the herd. 

A similar study of mink (Apelgren, 1941) revealed a 
tendency for females to have their young on the same 
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date year after year; the correlation was + .37. Since 
the length of gestation in the fox is very constant, the 
tendency for a vixen to whelp on the same date year after 
vear can be measured by a correlation coefficient of 
approximately --.45—the same correlation as for the 
mating date, given above. It is apparent, therefore, that 
in both mink and foxes the date of whelping is, to a cer- 
iain extent, a matter of individual expression. 


TABLE 2 


ANALYSIS OF VARIANCE OF MATING DATES OF INDIVIDUAL ADULT VIXENS 
IN Two OR MORE YEARS 


Sum of squares Degrees of Mean square 
of deviations freedom deviation 
Within vixens ...... 11,975 218 54.93 
Between vixens ..... 17,360 90 192.9 
Snedecor’s F = 3.5 1 per cent. point=1.5 


Duration or CopuLATION 

Copulation in the fox and dog are similar in that the 
mating pairs become coupled or ‘‘locked’’ together so 
that the penis can not be withdrawn voluntarily. After 
intromission has been accomplished the animals stand 
facing in opposite directions, unable to separate, although 
making frequent attempts to do so. They are able to 
separate, however, if they become excited at the approach 
of an observer, or if they are disturbed by unusual noises; 
but barring such an intrusion the attachment is secure 
enough to withstand considerable tugging. The ‘‘lock- 
ing’’ together is said to be caused by contraction of the 
muscular bands of the vagina, together with a consider- 
able enlargement of the glans penis after intromission 
(Johansson, 1940). 


A record has been kept of the duration of 524 copula- 
tions in the Saratoga herd since 1939. The mean was 
26.49 + .46, with a standard deviation of 10.58 minutes. 
The shortest was less than 1 minute and the longest was 
67 minutes. The large standard deviation indicates that 
there was a very wide spread in the duration of copula- 
tions; one third of the matings fell outside the 16 to 37- 
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minute period delimited by the standard deviation. The 
duration of the numerous matings of an individual were 
also quite variable. 

It may be seen from Table 3 that males tended to re- 
main coupled longer when they were adults than when 
they were yearlings. <A similar trend is suggested by the 
data on females, but is not as pronounced. 

TABLE 3 


MEAN DURATION OF COPULATION OF FoOxES. THE DIFFERENCES BETWEEN PAIRS 
OF MEANS MARKED * ARE TWO OR MORE TIMES THEIR STANDARD ERRORS 


Males Females 


‘92 
Aa Za 
matings 43 524 26.49 + .46 174 524 26.49 + .46 
All yearlings ...... 29 132 22.59* + .84 131 186 25.74 + .82 
35 392 27.83% + .55 120 338 26.94 + .56 
Foxes that mated in 
their first 2 seasons: 
Yenrling season. 18 112 23.36* + .89 64 113 24.41* + 1.02 
Second season .. 18 165 28.44*+ .84 64 115 28.37% + .94 
Foxes that mated in 
their first 3 seasons: 
Yearling season. 9 41 23.34* £1.51 32 42 24.21 +1.36 
Second season .. 9 $2 28.03* + 1.15 32 57 27.63 +£1.19 
Third season .. 9 61 30.72 £1.22 32 54 29.96 +£1.45 


To determine whether the lengthening of copulation 
occurred in the second or in later years, the adult years 
were subdivided and compared separately with the year- 
ling vear. All foxes that mated in their first two seasons 
were segregated, and the mean duration of coupling was 
calculated for the males and for the females in each year. 
The length of coupling was significantly longer in both 
sexes in the first adult year than in the yearling year. 
Similarly, all the foxes that mated during their first three 
vears were picked out to form another group, and the 
mean duration of coupling in this group was longer in 
the third season than in the second for both males and 
females. The differences between these second and 
third-year means can not be said to be statistically sig- 
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nificant, but since in both sexes the third-year mean dif- 
fered from the second in the same expected direction, it 
is not unlikely that additional data would prove that 
third-year matings were appreciably longer than second 
(Table 3). 

It is not clear why adult matings are longer than those 
of yearlings. There is some indication that young ani- 
mals are more restless and irritable while locked, thus 
tending to break.apart sooner than adults; the latter seem 
to accept the situation more calmly. This does not lend 
itself readily to proof, however, and it is quite possible 
that some factor more closely related to the little-under 
stood physiology of the locking mechanism is responsible. 
The figures presented in Table 3 are important for under- 
standing this mechanism because they indicate that both 
the male and female are responsible for terminating the 
mating. If one sex played a totally passive role in the 
mating, the duration of copulation would not be expected 
to vary with age in that sex. 

These same data are arranged in a different form in 
Table 4, where it appears that the male is much more 


TABLE 
MEAN DURATION OF COPULATION 


Duration in Number of 

minutes matings 
Adult males with adult females .......... 290 
Adult males with yearling females ....... 109 
Yearling males with adult females ........ 58 
Yearling males with yearling females .... 76 


responsible for the duration of mating than the female, 
because the average duration of copulation of adult males 
was nearly the same whether they mated with adult or 
with yearling vixens. Similarly, copulations of yearling 
males averaged the same length when they mated with 
adult females, and when they mated with yearling fe 


males. 


Krrect oF Duration oF CopuLaTION ON Litter Size 
Iwanow (1917) and Evans (1933) state that sperm are 
released slowly during the long copulation in the dog, 
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and the same is true for the fox (Starkov, unpublished 
manuscript, and Johansson, 1940). This leads to the 
speculation that one of the functions of the locking period 
might be to prevent parting of the couples before an ade- 
quate amount of semen had been deposited. Further- 
more, the hydraulic action of the penis in the vagina 
while the pairs are locked might help the sperm to ascend 
the uterus and oviducts. These speculations about the 
importance of locking to fertility suggested that the size 
of the litter produced might depend in part upon the 
duration of the fertile copulation. Accordingly, the cor- 
relation between the duration of copulation and the size 
of the litters whelped by 109 vixens mated only once was 
calculated. The correlation coefficient was —.01, so 
there was obviously no relationship, and the speculations 
given above can not explain, therefore, the existence of 
the strange habit of locking during copulation. 

There was also no correlation between the duration of 
copulation and the number of pups per mated female 
This group differed from the group considered above by 
including females that mated but did not produce any 
young, or that destroyed their litters. 


INpIVIDUALITY IN DurRaTION OF COPULATION 


An effort was made to determine whether duration of 
copulation was a matter of individuality; that is, whether 
some foxes were consistently short-maters and others 
long-maters. An analysis of the variance of copulations 
of adult males with adult vixens is given in Table 5, and 
reveals a tendency for the copulations of individual males 

TABLE 5 


ANALYSIS OF VARIANCE OF DURATION OF COPULATIONS OF ADULT FOXES 


Sum of squares Degrees of Mean square 
of deviations freedom deviation 
Within males .....:-; 16,983 206 82.44 
Between males ...... 7,736 24 322.33 
Snedecor’s F = 3.9 1 per cent. point=1.9 
Within vixens <..... 15,853 164 96.66 
Between vixens ..... 8,931 66 135.32 


Snedecor’s F=1.4 5 per cent. point =1.4 
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to be of characteristic length. A’° tendency for adult 
vixens to express individuality as to duration of copula- 
tion when mating with adult males is also suggested, but 
can not be considered firmly established. 

S1zE OF THE VULVA 

The vulva of the fox increases in size and tumescence 
as estrus approaches, and is a fairly reliable indicator 
of the sexual condition of the vixen (Bassett and Leekley, 
1942). The greatest size is reached and regression be- 
eins one or two days before the female becomes receptive. 

The vulvar size was estimated with the help of a num- 
bered set of ten oval wire loops of graduated sizes. In 
the beginning the examiner recorded the number of the 
loop that would barely enclose the vulva, but after ex- 
perience had been gained in ‘‘freehand’’ estimation the 
loops were used infrequently. Size 3 (7/16 10/16 
inches) was the smallest encountered during the breed- 
ing season, and size 9 (14/16 * 18/16) the largest. 

A study of the vulvar size of the fox has already been 
published (Pearson and Bassett, 1944), where it was 
shown that vulvar size was related to the number of pups 
per mated female, to the per cent. of mated vixens failing 
to whelp, to the survival of litters and probably to litter 
size. Superior performance was associated in each case 
with large vulvar size. 

We have made an analysis of the variance of vulvar 
size among foxes, making use of the new data that have 
become available since the publication of the above 
papers. The calculations are summarized in Table 6, 

TABLE 6 


ANALYSIS OF VARIANCE OF VULVAR SIZE OF ADULT VIXENS, 1940-1944 


Sum of squares Degrees of Mean square 

of deviations freedom deviations 
Within vixens 89 115 aan 
Between vixens 107 62 1.726 


Snedecor’s F = 2.23 1 per cent. point = 1.65 


where it is shown that there was a strong tendency for 
the vulva of an individual adult vixen to reach the same 


| 
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Maximum size in successive seasons. It was shown in 
the earlier paper that there was a definite correlation 
also between the size of vulva in the yearling year, and 
the size in subsequent years, in spite of the fact that the 
vulva is smaller in yearlings than in adults. This is of 
interest because it shows that whereas a yearling vixen 
has not matured to the extent that she develops an adult- 
sized vulva, her individuality has developed to such an 
extent that one can forecast with some reliability the 
characteristic size that her vulva will attain in subsequent 
years. 
Destruction or LirTers 

One of the most puzzling problems confronting fox 
ranchers is the tendeney for many vixens to kill their 
voung during the first few days after whelping. The 
young may be entirely eaten by the mother, or carcasses 
and dismembered pieces may be found lying about the 
pen. Numerous attempts have been made to determine 
the cause of this behavior, which frequently reaches 
serious proportions. In data collected at the Saratoga 
Station, no distinct correlation has been found between 
the destruction of litters and a number of other factors 
such as diet, weather at the time of whelping, tempera- 
ment of vixens and earliness or lateness of whelping. 
Unusual disturbances at the time of whelping probably 
induce some vixens to destroy their litters, and abnormal- 
ity of the young may also result in their destruction in 
some cases. 

Table 7 shows that the tendency to destroy litters does 
not diminish as the vixens become older. For example, 
the rate is about the same in all four years in the group 
that was kept that long. The improvement of the 4-vear 
group over the 5-year group, and the 3-year group over 
the 2-year group results from killing many of the litter- 
destroyers after their second or third breeding season. 
That such selection by the ranch manager can be effective 
is shown by studying the second-year records of vixens 
that destroyed their litters as yearlings, and comparing 


| 
| 
| 
a 


58 THE AMERICAN NATURALIST [Vol. LXXX 


them with the other two-year-olds in the herd. There 
were twenty-three such vixens that destroyed their litters 
in their first year and that were kept over until the next 
breeding season. Eighteen of these whelped litters the 
second year also, but 61 per cent. of these eighteen again 
dstroyed them. This figure should be compared with the 
average litter destruction by all second-year vixens bear- 
ing litters, which was 29 per cent. There seems little 
doubt, therefore, that some vixens have a strong and 
lasting tendency to destroy their litters. 
TABLE 7 


Per CENT. OF Fox LirTeERS DESTROYED BY THE MOTHER 


Number of Per cent. 


Group Year destroyed 
Vixens kept 2 years or more Ist 93 26 
2nd 118 29 
Vixens kept 3 years or more Ist 36 17 
2nd 50 10 
3rd 46 13 
Vixens kept 4 years or more 1st 31 6 
2nd 36 0 
3rd 32 3 
4th 32 9 


The breeding record in the second year of these vixens 
that destroyed their litters as yearlings is entirely normal 
except for the high per cent. of litters destroyed. But 
this undesirable tendency is so strong that it is obvious 
that these individuals should be pelted before the next 
breeding season. 

PRODUCTIVITY 

Productivity will be considered under three headings: 
{he number of pups per litter, the number of pups per 
mated female, and failure to mate. 


(1) The number of pups per litter 


The mean number of pups per litter whelped by 100 
vearling vixens from 1930 through 1944, omitting all de- 
stroyed litters, was 4.16 + .15. There were from one to 
eight pups in each litter, and the standard deviation was 
1.52 pups. The mean number of pups in 254 litters 


= 


No. 786 | ASPECTS OF REPRODUCTION 59 
whelped by adult vixens during the same period was 
4.59 + .10. Litter size ranged from one to nine, with a 
standard deviation of 1.56 pups. The pups were counted 
when about 7 to 10 days old; pups disappearing before 
ihis time would not, of course, be included in the count. 
The difference between adults and yearlings of .43 pups 
per litter is 2.4 times its standard error, which is suffi- 
ciently significant to warrant a more detailed study of the 
probable causes of this difference. 

The larger size of the litters whelped by adults might 
result from two causes: A, an actual increase in the num- 
ber of young born or raised by the same mothers in suc- 
cessive seasons, or B, an apparent increase in litter size 
due to selection. Vixens that produce large litters are 
generally kept for breeding the next year, but poor pro- 
ducers are pelted. 

The first cause, item A above, is easily approached by 
examining the breeding records of a group composed of 
the same vixens over a period of years. This procedure 
eliminates the element of selection within the group be- 
cause every animal is kept over the entire period. Sixty 
vixens whelped litters in their yearling and second year; 
the mean number of pups was 4.4 for both ages. Simi- 
larly, in determining whether there was a change in the 
third year, 35 individuals were included that whelped in 
their first 83 years. The mean litter sizes were 4.4, 4.6 
and 4.4. Again there was no increase of litter size with 
age. Twenty vixens that whelped in each of their first 
4 years were studied, and the mean sizes of the litters 
were 4.5, 4.6, 4.6 and 4.9. Sixty-two litters whelped by 
vixens 5 to 10 years old averaged 4.9 pups. The apparent 
increase in the fourth year is not statistically significant, 
although more data might prove it to be so. Actually, 
it is hard to picture a situation in which there is no in- 
crease in litter size during the first 3 years, then an appre- 
ciable increase in the fourth. A small increase each year 
would seem more likely, but can not be demonstrated 
with the data available. 
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Let us examine part B mentioned above: the effect of 
selection on the mean litter size of the herd. At Sara- 
toga, selection of the animals to be kept for breeding 
stock has been based chiefly on the value of the pelt and 
the productivity of the individual. So many vixens had 
to be pelted, however, because they had poor pelts or 
failed to become pregnant, that selection for large litters 
could not be carried out rigorously without depleting the 
herd. Consequently, a vixen that whelped three pups 
had nearly as good a chance of being kept for breeding 
as one that whelped seven. For this reason there are no 
figures showing how effective selection actually is. How- 
ever, some evidence is given below that selection for large 
litters ean not be expected to be very effective. 

The rate at which selection for increased litter size can 
raise the herd average is limited by the extent to which 
each vixen tends to have the same number of pups each 
year. Obviously, if there is no correlation between the 
size of the litters whelped by a vixen in different years, 
then selection has no foundation upon which to work and 
is useless. An analysis of variance of litter size among 
61 adult vixens revealed a slight but significant tendency 
for individual adults to bear litters of the same size in 
several seasons (Table 8). However, the coefficient of 


TABLE 8 


ANALYSIS OF VARIANCE OF THE SIZE OF LITTERS WHELPED BY ADULT VIXENS 
Sum of squares Degrees of Mean square 
of deviations freedom deviation 
Snedecor’s F= 3.05 1 per cent. point =1.6 


correlation between the size of the litter whelped in the 
yearling year and the average litter size in subsequent 
years for 67 vixens was only + .20 + .12. This is a low 
correlation with doubtful statistical significance, showing 
that there is very little, if any, tendency for individual 
vixens to have the same number of pups in their adult 
years as they did in their first. Consequently, it would 
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be difficult to increase the average litter size of the herd 
by selection of these females, even if litter size were 
hereditary—an inheritance still to be proved. An analy- 
sis of variance revealed no significant tendency for adult 
sisters (littermates) to whelp litters of the same size. 

In an analysis of variance of a larger sample of silver 
foxes, Johansson (1938) stated that there was a slight 
tendency for a certain litter size to be characteristic of 
an individual vixen. He concluded, however: ‘‘ Most of 
the variation in litter size in the fox is, apparently, due 
to environmental influences. <A selection for larger litter 
size would probably yield some results, but it would be a 
rather slow process, and the increase could not be ex- 
pected to be very large.’’ Apelgren (1941) concluded 
that among mink females, the size of the litter depended 
at most 10 per cent. on the individual qualities of the 
female, and 90 per cent. on environmental influences. 
The correlation between size of first and later litters 
among guinea pigs was only + .10 (Eaton, 1932). 

There was no tendency for the several litters sired by 
an individual male mated with adult vixens to be of the 
same size (Table 9). 

TABLE 9 


ANALYSIS OF VARIANCE OF THE SIZE OF LITTERS SIRED BY ADULT MALES 
MATED TO ADULT FEMALES 


Sum of squares Degrees of Mean square 
of deviations freedom deviation 
Within Wales 240 8s 2.7: 
Between males ........... 53 17 3.12 
Snedecor’s F=1.14 5 per cent. point = 1.8 


(2) Number of pups per mated female 


The number of pups per mated female is always con- 
siderably less than the number of pups per litter because 
many vixens fail to become pregnant, resorb their em- 
bryos, abort, or kill their pups shortly after birth. In 
the following figures, vixens that destroyed their litters 
have been considered the same as non-producers. From 
1930 through 1943 the mean number of pups produced 
by 193 mated vearling vixens was 1.89, while the mean 
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uumber of pups resulting from all 312 adult matings 
during this time was 3.16. Obviously, the adults were 
more prolific than the yearlings, but we must discover 
whether the increase was due to better production by 
adult foxes, or to elimination of many non-producers 
before they became adults. 

To solve this problem the ‘records of 67 vixens that 
were kept for at least 3 years were picked out. They 
averaged 3.2 pups in their first year, and 3.5 and 3.4 in 
the next two. The slight improvement with age is of 
doubtful significance in view of the large difference of 
1.27 pups for which we are trying to account. Ina grouy 
composed of the 37 vixens that were kept for at least 4 
years, the mean number of pups in each of the years 
was 3.8, 4.1, 4.0, and 4.2. Again the evidence for im- 
proved productivity with increasing age is slight. Ob- 
viously, the improvement noted above must have been 
due to selection. 

It has been shown in the previous section that there 
was very little emphasis placed upon increasing the aver- 
age litter size of the group through selection of vixens 
that whelped the largest litters—a process of doubtful 
effectiveness. Therefore, the increased productivity that 
was obtained by selection must have been due to the 
elimination of vixens that habitually destroyed their lit- 
ters or that failed to whelp. It was demonstrated above 
that many vixens tended to destroy their litters year 
after year, so it is apparent that this is one point where 
selection can work effectively to increase production. It 
remains only to be demonstrated whether production 
can be increased by pelting vixens that mate but fail to 
whelp. 

The category ‘‘failed to whelp’ 


includes three subdi- 


visions which, with the data available, could not be sepa- 
rated satisfactorily. These are failure to become preg- 
nant, resorption of embryos and abortion. Vixens would 
also have been recorded ‘‘failed to whelp’’ if they had 
eaten their entire litter without leaving any blood or 
other trace. Between 1936 and 1945, 37 per cent. of 179 
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mated yearlings failed to whelp for one of these reasons. 
Seven per cent. were known to have aborted, and there 
may have been other abortions that were not detected. 
During the same period only 15 per cent. of mated vixens 
in their second year and 16 per cent. of all mated adults 
considered together failed to whelp. Of 31 mated vixens 
that failed to whelp in their first year, but that were kept 
over and mated the next, 23 per cent. failed to whelp 
again. This is more than the expected 15 per cent., but 
not nearly as great as the 37 per cent. among yearlings. 
In other words, failure to whelp showed some tendency 
to recur in the same vixens, but this tendency was not 
nearly as strong, for example, as the tendency to destroy 
litters. Nevertheless, it is usually advisable to pelt vear- 
lings that fail to whelp, not only because their production 
is often subnormal the next season, but because failure to 
whelp in the first year may be a hereditary condition that 
‘an be passed on to the offspring. If this is so, and no 
attempt has been made to prove it, allowing unproductive 
yearlings to mate in their second year might perpetuate 
a strain of foxes that was always unproductive in the first 
year. 
(3) Failure to mate 

Failure to mate is sometimes not the fault of the vixen, 
but may be due to inactive, non-aggressive males. Often 
the rancher may be at fault for failing to introduce a 
male at the proper time. A man, by examining the vulva 
and watching the behavior of the vixen, can usually tell 
when she is receptive, but he is by no means as skilful at 
detecting receptivity as an aggressive male fox. In 
some cases, therefore, estrus passes undetected, but in 
others, the vixen fails to come into heat at all, or the 
symptoms are so slight that they fail to arouse the inter- 
est of even an aggressive male. Since it is frequently 
impossible to tell which of the above factors is respon- 
sible for failure to mate, no attempt will be made to 
separate them. 

From 1936 through 1943, 16 per cent. of 213 yearling 
vixens failed to mate. During the same period 6 per 
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cent. of the 2-year-old vixens failed to mate, and only 2 
per cent. of those older than 2 years. The corresponding 
percentages on several Swedish farms were 15, 4 and 6 
(Johansson, 1938). Obviously there was a marked im- 
provement with the passage of time, but again it must 
be determined whether the improvement was due to 
maturing of the individuals or to pelting many of the 
vixens that failed to mate. If, as before, we select all 
the vixens that were kept for two years or more, and 
compare their records for the first two years, we find 
that in the first vear 14 per cent. of the 132 vixens did 
not mate, while 7 per cent. failed to mate in the second 
year. Considering in the same manner the 56 vixens 
that were kept for three or more years, the per cent. that 
did not mate in each of the first three years were 12, 4 
and 0 respectively. Clearly, failure to mate is associated 
with immaturity, and is only a minor problem among the 
adults. 

Although vearlings that failed to mate improved in 
this respect in subsequent years, there is evidence that 
they were not as productive in their later years as the 
other vixens. Of eighteen vearlings that failed to mate, 
but that were kept over until their next year, 11 per cent. 
failed to mate as 2-year-olds. This record is not as good 
as that of all second-year animals, 6 per cent. of which 
failed to mate. In addition, the group that failed to mate 
during the yearling year showed up poorly in its second 
year with respect to non-pregnancies; 31 per cent. of 
this group failed to become pregnant after mating in the 
second season, compared with 13 per cent., the average 
of all second-year vixens. The number that destroyed 
their litters the second year was about average. The 
mean number of pups whelped per female during the 
second year was 1.6, compared with 2.2, the average for 
all second-year vixens. In view of this poor record in 
the second year, it appears that the productivity of the 
herd can be increased by eliminating those yearlings that 


fail to mate. 
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Discussion 

Upon reviewing the various aspects of reproduction 
covered in this report, one is impressed by the number of 
instances where the reproductive process differed be- 
tween yearlings and adults. Differences were found in 
the time of estrus, duration of copulation, maximum 
vulvar size and failure to mate. For each of these there 
was some evidence that full maturity had not been 
reached even in the second breeding season. The mean 
size of the litters whelped by yearlings was as great as 
that of vixens in their second and third seasons, but there 
was possibly an increase in litter size in the fourth year: 
The mean number of pups per mated female, however, 
did not increase with age, and old vixens were as likely 
to destroy their litters as were yearlings. 

In some of the phases of reproduction considered in 
this report it has been possible to show that an individual 
fox tends to conform to the same pattern in several sea- 
sons. It was shown, for example, that there was a ten- 
dency for a vixen to mate at the same time in the breeding 
season each year. Other aspects of reproduction in 
which these foxes demonstrated a significant degree of 
individual expression were duration of copulation (defi- 
nitely for males, possibly for females), vulvar size dur- 
ing proestrus, tendency to destroy litters, size of litters 
whelped by adults and possibly failure to mate and to 
whelp. 

It is clear that the average performance of the herd 
could be altered, with respect to any of the characters 
mentioned in the preceding paragraph, by eliminating 
the appropriate individuals. Whether this selection 
would result in any permanent change in the genetic com- 
position of the herd is unknown. 
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SUMMARY 

(1) The reproductive behavior of the herd of silver 
foxes at the U. S. Fur Animal Experiment Station, Sara- 
toga Springs, N. Y., was studied from 1930 through 1944. 
Some of the observations extended over the entire period, 
while others were collected only in recent years. 

(2) The mean mating date of the adult vixens was Feb- 
ruary 12th with a standard deviation of 9.9 days; and of 
yearlings, February 21st with a standard deviation of 
12.0 days. The yearlings mated later than the adults 
every year, but not always by the same length of time; 
the average was 8 days later. 

(3) The mean mating date of. the adult herd differed 
by more than 2 weeks in different years. No close corre- 
lation could be found between the mean mating date of 
the herd and temperature of the months from September 
to February. 

(4) There was a slight tendency for early-whelped 
vixens to breed earlier in their first breeding season than 
late-whelped vixens. This tendency was less distinct in 
the second season and absent in the third. 

(5) There was a moderate tendency for a vixen to mate 
at the same part of the season each year. The coefficient 
of correlation between the time of estrus in the yearling 
year and the mean mating date in subsequent years was 

45 + .07. 

(6) The mean duration of 524 copulations was 26.49 
+ .46 minutes. Both males and females tended to re- 
main coupled longer as adults than as yearlings. Indi- 
vidual males showed a definite tendency to remain 
coupled the same length of time in several copulations; 
females showed only a slight tendency. There was no 
correlation between duration of copulation and litter size. 

(7) There was a definite tendency for the vulva of 
adult vixens to swell to the same size during proestrus 
in successive seasons. Vulvar size was correlated with 


the reproductive capacity of the vixen. 
I 
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(8) There was a strong tendency for certain vixens to 
destroy their litters year after year. 

(9) Litters whelped by yearlings were as large as 
those whelped by the same vixens in their second and 
third years. There was possibly an increase in the fourth 
year. There was some tendency for individual adult 
vixens to have the same sized litter in several seasons, 
but the correlation between litter size in the yearling 
year and subsequent vears was low and of questionable 
significance. 

(10) There was no tendeney for the litters sired by an 
individual male to be of the same size, nor did sisters 
tend to bear litters of the same size. 

(11) Failure to mate was more frequent among year 
lines than among the same vixens in their adult years. 
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HUMAN HEREDITY IN RELATION TO 
ANIMAL GENETICS’ 


DR. R. RUGGLES GATES 


Woops MASSACHUSETTS 


Waite the aninal or plant geneticist can make an anal- 
ysis of related species or varieties by elaborate systems 
of crossing, the student of human heredity has to rely 
upon such data as can be derived from (1) the construe- 
tion and analysis of pedigrees, (2) the comparative study 
of twins and (3) the use of various statistical methods, 
many of which have recently been developed. These, 
however, often lead to very definite and unassailable 
results. The methods of inheritance of a great range of 
human abnormalities are now known with a precision 
which sometimes vies with that of animal and plant genet- 
ics. We only have to think of the extensive literature of 
human physiology, anatomy, medicine and the related 
sciences to realize that man is better known as an organ- 
ism than any other animal. Even as regards heredity, 
there is searcely any organ or feature of the body of 
whose inheritance or variations we have no knowledge. 
On the other hand, in the absence of crosses to determine 
particular points, our knowledge of the genetics of any 
condition often bristles with question marks, and there 
are always aspects on which further data are required. 
However, the physiology of man is much better known 
than that of any animal and this helps toward an under- 
standing of the steps by which any abnormal gene pro- 
duces its effects in development. 

The study of human heredity has thus reached vast 
dimensions. This work has two main aspects, (a) med- 
ical, which includes the investigation of the inheritance 
of abnormalities and the part played by constitution in 
disease; (b) anthropological, the analysis of the normal 
physical, mental and constitutional differences between 

1 Substance of a lecture at the Marine Biological Laboratory, Woods Hole, 
July 6, 1945. 
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races and within populations.’ ‘Contrary to opinions still 
widely expressed, there is no doubt that racial characters 
show Mendelian segregation just like other (wnimuta- 
tional) characters, but the analysis is generally more 
difficult because racial characters are usually determined 
by polymeric factors. Writers who claim a lack of segre- 
gation in racial crosses, based on statistical anthro- 
pometric studies, have been misled through failure to 
include the extreme segregates in their statistics. 

the medical and 
the anthropological—might be considered to be entirely 
independent, but this is by no means the case. Notwith- 
standing their past development as separate disciplines, 


These two aspects of human genetics 


they dovetail in many respects. For instance, certain 
diseases of the blood and of the nervous system and an 
allergic condition such as favism are found mainly or 
exclusively in certain races. Cooley’s anemia, also known 
as thalassemia, is found almost entirely in members 
of the Mediterranean racee—Greeks, Cypriotes, Syrians, 
Kevptians, Italians, Sicilians. The condition is partly 
dominant in inheritance, homozygotes having the disease 
more severely than heterozygotes, and there is some evi- 
dence that the gene is in the same chromosome as the 
genes for the blood groups. Sicklemia is mainly if not 
entirely confined to Negroes in America, Africa and the 
West Indies. Marchiafava’s disease (degeneration of 
the corpus callosum) is confined to Italian males. It 
usually appears in middle age and is frequently asso- 
ciated with alcoholism. Wernicke’s syndrome, in which 
other parts of the brain are affected, appears to be the 
corresponding disease in peoples of Northern Europe. 
F'avism, an allergic disease produced by eating the broad 
bean (Vicia Faba), seems to be confined to Sicilians and 
Southern Italians. They can contract it either in Kurope 
or in America. 

That various races and populations differ in the gene 
frequencies of the blood groups is well known. Various 
other genes, some of which are sublethal, such as haemo- 
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philia, appear to differ in their mutation rates in differ- 
ent parts of the world. It may be worth while pointing 
out that in so far as mutations are the material out 
of which new species and subspecies are constituted, 
changes in mutation rates must be fundamentally con- 
cerned in the origin of species. If no new mutation ever 
began to appear in any line of descent we should have 
no new species except such as might arise through the 
reassortment of genes already present. The origin of 
new characters in phylogeny implies the appearance of 
new mutations which had not previously occurred. 

The fact that human racial characters are represented 
for the most part by multiple genic differences and not 
by single factor mutations implies a long process of evo- 
lutionary development of racial types. This view is now 
abundantly supported by human paleontology. When 
Darwin wrote the ‘‘Descent of Man,’’? human paleon- 
tology did not exist, and he was obliged to draw his con- 
clusions entirely from comparison of the living races 
with anthropoids and their relatives. He concluded that 
the main races of man represented subspecies of Homo 
sapiens. Since then the varied evidence from many 
fossil skeletons in different parts of the Old World makes 
it possible to fill in much of the picture of human evolu- 
tion, although many points remain obscure. Not only 
many species but several human genera are now known 
to have lived since the Lower Pleistocene. However we 
may view their relationships and the lines of evolutionary 
descent, the evidence seems conclusive that much local 
evolution has taken place. Early populations were small 
and the barriers to migration by primitive man were 
many and formidable. In such circumstances the evolu- 
tion of the Hottentot-Bushman type took place in relative 
isolation in South Africa, as recent discoveries in the 
fossil record show. Similarly the Australoid type, end- 
ing with the modern Australian aborigines, evolved from 
the Pithecanthropus level over a long period. Austra- 
loids have occupied at different times the whole region 
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from Southern India, Java and New Guinea to Australia. 
Remnants of this type still survive in all these regions. 

By ordinary morphological standards Sinanthropus is 
specifically distinct from Pithecanthropus, and by the 
same token a consistent nomenclature for the whole group 
of fossil and living Hominidae necessitates recognition 
of the primary modern races of man as species. This 
subject has been discussed at greater leneth elsewhere 
(Gates, 1944). As Mayr (1942) points out, the line of 
distinction between species and geographie subspecies is 
often very indefinite. The main reason for treating the 
primary human races as species rather than subspecies 
is on the grounds of consisteney and convenience, as well 
as the paleontological evidence for their independent 
origin from different ancestral stocks in widely sepa- 
rated areas. 

This is, however, a digression from my main theme, 
which is a comparison of the general principles of human 
genetics with those of animal genetics. From this com- 
parison a striking difference immediately emerges. <A 
particular mutation occurring in animals or plants can 
generally be relied upon always to show the same type 
of hereditary behavior, except in case of translocation. A 
dominant mutation will always behave as a dominant, no 
matter how often it recurs.”. This is by no means the 
case with human mutations. In mankind the same muta- 
tion may be consistently dominant in one family, reces- 
sive in a second and sex-linked in a third, showing the 
same well-known rules of inheritance through many 
generations in each pedigree. This is not a ease of one 
form of inheritance being gradually transformed into 
another, but a gene which produces the same abnormality 
or essentially the same symptoms will show these differ- 
ent forms of hereditary behavior in different family 
pedigrees. 

2 Exceptions to this condition may prove to be more numerous in wild 


animals than has hitherto been supposed. 
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In animals, something of a similar kind can be seen in 
a few instances, but little attention has been given to 
them. In rabbits, Castle (1926) contrasted the dominant 
English spotting with the more extensive but recessive 
Dutch spotting and showed that their genes were not 
allelic but closely linked. Keeler (1931) found in mice 
that the genes for dominant and recessive spotting are 
in separate chromosomes. In horses, Kremola (1933) 
determined that the genes for dominant and recessive 
(piebald) spotting produce patterns which are comple- 
mentary, the white being mainly dorsal in the former and 
ventral in the latter. Both dominant and recessive white 
spotting occur also in dogs. In Karakul sheep black wool 
is completely dominant to white, whereas in European 
breeds black is recessive. 

Such pairs of dominant and recessive genes are few 
and mainly confined at present to spotting in domes- 
tic animals. It has been suggested that some of the 
peculiarities of human genetics result from man’s ‘‘do- 
mestieation,’’ just as the domestication of the wild turkey 
has involved various changes in its instincts and habits 
through selection. Of about 45 genes now known to be in 
the X-chromosome, 13 are also known to be inherited 
autosomally as dominant and recessive characters. This 
triad of methods of behavior of particular mutations 
obviously requires some special explanation. Is the same 
gene involved in all three types of inheritance or what 
are the relations between the three types?) Among the 
human abnormalities showing this triad of hereditary 
behavior may be mentioned megalocornea, nystagmus, 
retinitis pigmentosa, cataract, peroneal atrophy, albinism 
and psoriasis. Other conditions, such as haemophilia, 
which are generally sex-linked, may also rarely be an auto- 
somal dominant or recessive. On the other hand, a white 
forelock, which is generally dominant, is sex-limited (like 
baldness) in one family; and Morquio’s disease in chil- 
dren, which is generally recessive, is sex-linked in one 
pedigree and may be dominant in certain families. Dia- 
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betes mellitus is dominant in some families and recessive 
in others. From a practical point of view, since many 
human genes are inherited in two or three different ways, 
when an abnormality is being studied in a new family it 
often becomes necessary to investigate its inheritance im 
that family. Even blue eyes, which are universally 
recessive in Caucasian populations, may be dominant in 
Singhalese, according to recent evidence (Gates, 1938). 

It is now well recognized that ordinary sex-linked genes 
are carried in the X-chromosome. Morgan (1910) found 
that the white-eyed mutation in a male of Drosophila was 
inherited in the manner that we now call sex-linked. Wil- 
son (1911) showed that this inheritance followed the path 
of the X-chromosome from generation to generation. He 
also pointed out that the inheritance of color blindness 
in man can be explained in the same way. This discovery 
was one of the most significant in the history of genetics. 
The question arises, have these sex-linked genes in man 
arisen as mutations in the X-chromosome or have some 
of them been translocated from an autosome? Before 
considering this question we need to have some more 
information about the many eases in which the same 
abnormality is dominant in one pedigree and recessive 
in another. 

Polydactyly is generally a strict dominant with never a 
skip, but in certain families there is some lack of pene- 
trance. This may be due to the presence of an inhibitor 
in certain eases, but more likely results from a weakness 
of expression in the gene. In some Negro families poly- 
dactyly is either recessive or a dominant of low pene- 
trance. Not only in polydactyly but in various other 
inherited conditions we thus have a sliding seale of values 
from complete dominance to complete recessiveness, the 
degree of dominance varying within relatively narrow 
limits in each line of descent. Such differences between 
pedigrees can be accounted for in part by differences in 
streneth of the gene, but in some eases no doubt inhibitors. 
or an effect of the genome as a whole are involved. Cer- 
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tain environmental factors may also sometimes have ¢ 
controlling influence. This sliding scale condition of 
eenes, from dominant to recessive, is one of the situations 
which emerges from extensive study of the pedigrees of 
various human abnormalities. Such a condition as (re- 
cessive) leukemia is believed to show only about one per 
cent. of penetrance or expression in homozygotes. 

There is another effect of lack of penetrance which has 
considerable significance. In a strictly dominant pedi- 
eree with no case of skipping a generation, the total sib- 
ships generally give a close approach to a ratio of one 
affected to one normal. Lack of penetrance widens this 
ratio, which may thus approach 1:15. Such ratios have 
sometimes been interpreted as indicating the necessity 
of two factors for a particular character when in reality 
we are dealing merely with a single factor of low pene- 
trance. 

While the line between dominant and recessive genes 
may thus become blurred, so that a pedigree of a domi- 
nant abnormality having low penetrance will be difficult 
to distinguish from a recessive, especially if the gene is 
not very rare, yet other characteristic differences between 
the dominant and recessive forms of a disease generally 
emerge. In such conditions as peroneal atrophy or 
retinitis pigmentosa the dominant form is relatively mild, 
the recessive form most severe and the sex-linked form 
intermediate in symptoms. These differences may be 
expressed not only in severity of symptoms but also in 
age of onset. Peroneal atrophy has been known since 
1856 and is characterized particularly by wasting of the 
ealf muscles. Many extensive pedigrees of the disease 
have now been recorded, some such families having over 
twenty cases, extending through four or five generations. 
Allan (1939) in particular has compared the three differ- 
ently inherited forms in North Carolina. In a family 
with dominant inheritance the symptoms begin at about 
30, but the individual is not incapacitated and can con- 
tinue to work even at 70. The recessive sex-linked form 
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is more severe, the affected males being generally crip- 
pled. Muscular atrophy may begin at 15 and by 25 the 
victim is likely to be on crutches or even confined to bed. 
Most severe is the recessive form. Affected children of 
normal parents may begin to have difficulty in walking 
at 3-5 years of .age and are likely to be severely crippled 
by the time they are 20. 

Various explanations of these relationships have been 
suggested. The most reasonable is based on a conception 
of balance between the gene and its normal allele. Ina 
dominant pedigree the affected individuals are all hetero- 
zygous, so that the gene producing the defect is balanced 
against its normal allele, thus making the condition 
milder. When the gene is recessive it is weaker than its 
normal allele and is therefore not expressed. One dose 
of the recessive gene produces little or no phenotypic 
effect, but two doses reinforce each other, producing a 
ereater effect than when one dominant gene is pitted 
against its normal allele. Similarly, in a sex-linked reces- 
sive the affected male has a defective gene with no normal 
mate to balance it. The condition is therefore more 
severe than in a heterozygous dominant. On this reason- 
ing, the homozygote with two doses of the dominant gene 
should have the condition most severely of all. In certain 
cases, particularly telangiectasis (Snyder and Doan, 
1944) and brachyphalangy, such homozygous dominants 
are known to be lethal, and there is reason to conclude 
that this is probably true of many abnormalities, such as 
sebaceous cysts. But since heterozygous dominants gen- 
erally marry normals there is very little direct evidence 
on this point. 

If this view of dominant and recessive genes for the 
same defect is soundly based, then there must be a weaker 
(recessive) and a stronger (dominant) gene for many 
abnormalities, just as we have dominant and recessive 
genes for piebald spotting in various domestic animals. 
It would be natural to assume that the dominant and 
recessive genes for the same defect would be alleles, but 
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there is reason to believe that, in certain instances at 
least, this is not the case. The matter might be settled 
by bringing together the dominant and recessive forms 
of the same abnormality in one family, but at present 
such unions seems to be non-existent. 

There is at present no explanation for the paired con- 
dition of dominant and recessive genes, but a possible 
explanation suggests itself. The dominant bar eye muta- 
tion in Drosophila is known to be a duplication in a seg- 


ment of one chromosome. Is it possible that in each of 
these pairs the dominant ‘‘gene’’ represents a duplica- 
tion of the corresponding recessive? In Romney sheep 
in New Zealand there is a condition of the coat known as 
the N-type. Dry (1944) shows that N is dominant in 
certain stocks, recessive in another and multifactorial in 


39 


a third type derived by selection. He suggests that in 
the dominant form a gene duplication has taken place, the 
recessive being derived from it by loss of the duplication. 

In Drosophila, conditions exist in certain fourth chro- 
mosome mutations which are very similar to those just 
outlined in man. Bent wine and cubitus interruptus 
occur in both dominant and recessive forms, and the 
dominants are lethal in the homozygous condition. More- 
over, Dubinin and Sidorov (1934) found that eubitus 
interruptus changes from recessive to dominant in the 
presence of any translocation between chromosome IV 
and the Y-chromosome. This change in dominance is 
interpreted as a position effect. We thus have some rea- 
son for basing a change in dominance on translocations 
within the nucleus, a process which could occur in man 
as well as in other organisms. There is in fact some di- 
rect cytological evidence of such translocation in a de- 
scendant of a cross between French and Scottish grand- 
parents. Two dominant and six recessive alleles are 
found at the eveless locus, also in the fourth chromosome 
of Drosophila. Hinton (1942) has studied the interaction 
of these alleles. One of the dominants at least is accom- 
panied by a duplication. 
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Having considered possible explanations of the exis- 
tence of dominant and recessive forms of the same abnor- 
mality, how shall be account for the sex-linked form? If 
this has arisen through translocation from an autosome 
to the X, then we should find two forms of the sex-linked 
gene, a weaker and a stronger; for presumably the domi- 
nant and recessive forms would be equally subject to 
translocation. Particularly this would follow if the domi- 
nant is derived from the recessive by duplication or vice 
versa. The evidence regarding sex-linked characters 
which are also dominant or recessive has not been exam- 
ined from this point of view, but at any rate in the case 
of haemophilia there is clear evidence that a milder and 
a more severe form (both sex-linked) exist. In some 
families the condition is so severe that affected sons gen- 
erally bleed to death in childhood from some trifling 
injury, rarely surviving to reproductive age. This con- 
dition is essentially lethal. In the milder form, survival 
to maturity not infrequently occurs and affected males 
may marry and transmit the condition to half their 
grandsons. Hay’s pedigree of a New England family, 
published in this country in 1813 and afterwards extended 
from six generations to seven by Osler, shows that four 
males and eleven females transmitted the condition. 
This distinction between a milder and a more severe form 
of bleeding is the real basis of the so-called laws of Nasse 
and of Lossen. The latter studied the Mampel family of 
severe bleeders and concluded that affected males could 
not transmit the disease. The former must have derived 
his evidence from the Hay pedigree in which such trans- 
mission occurs. 

Medical writers have been so obsessed with the idea 
that haemophilia must be sex-linked that the question 
whether dominant or recessive haemophilia occurs is 
somewhat obscure. Such families will no doubt be rare, 
but it will not be surprising if they are found to occur. If 
the gene which produces haemophilia by mutation (and 
several such cases are on record) was originally in an 
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autosome, it must have been translocated to the X-chromo- 
some long ago, at least in Europeans, because practically 
all such pedigrees are now sex-linked. A definitive 
answer to the question, ‘‘In how far are sex-linked genes 
in man translocated from autosomes?’’ will have to await 
a wider comparative analysis of human genetics. In the 
meantime it is worth pointing out that recessive sex-linked 
abnormalities in man are much more frequent than domi- 
nant sex-linked. In both cases there is much variability 
in the expression of the condition in heterozygous females, 
whether it be color blindness, haemophilia or throm- 
bopathy. 

Any gene such as that for haemophilia, which is sub- 
lethal or lethal in effect, must be replenished by fresh 
mutations or it would disappear from the population. 
Glioma retinae or retinoblastoma is another condition 
which was formerly fatal in practically every case. A 
tumor arises in the retina, usually in infancy, fills the 
eveball and enters the brain with fatal results. The first 
successful operation in removal of the eye at an early 
stage of the glioma was performed about 1904. Either 
parent can transmit the condition, which appears to be a 
dominant, generally of low penetrance. Many single 
eases occur, some of which are probably fresh mutations. 
Various rare children’s diseases, such as gargoylism and 
von Gierke’s glycogen disease, are essentially recessive 
lethal genes. The parents are normal but generally 
related. Morquio’s osseous dystrophy, first discovered 
in 1929, is a children’s disease related to gargoylism, but 
differing in having more extensive skeletal changes and 
no mental defect. Dwarfism, hunch-back and eyes widely 
separated are characteristic features. The condition is 
generally recessive, but is strictly sex-linked in one pedi- 
gree in which 20 boys and no girls were affected in five 
generations. Any inherited condition with characteristic 
symptoms which is fatal in infancy, childhood or before 
the reproductive age is reached should be included among 
the lethal genes. 
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Sex-limited inheritance, which is well known in the 
genetics of horns in various breeds of sheep, is fairly well 
established as the method of inheritance of baldness in 
man. The gene for baldness is in an autosome, but is 
dominant in men and recessive in women, so that hetero- 
zygous men but only homozygous women will show the 
condition, although heretozygous women will transmit it 
to half their sons. This is a case in which sex causes a 
reversal of dominance. Since the gene is autosomal a 
father can transmit directly to his son, whereas in a sex- 
linked pedigree this is not possible. Certain other con- 
ditons in man are probably inherited in the same way. 

In a well-known pedigree published by Cunier in 1839, 
color blindness is inherited only from mother to daughter 
through five generations. This type of hologynic inheri- 
tance probably also occurs in certain pedigrees of sex- 
linked ichthyosis and senile cataract, and may apply to as 
many as seven different conditions in particular pedigrees. 
The explanation was furnished by the work of Mrs. Mor- 
gan (1938), who showed that in certain strains of Dro- 
sophila the two X-chromosomes of the female are united 
end-to-end and pass together into the same gamete. In 
such human families certain females would be XXY 
while other individuals might be XXX or YY. Sinee man 
has 48 chromosomes, these aberrations of the X and Y 
need not be lethal in effect; they might not even produce 
sterility. It is to be hoped that the new methods of count- 
ing chromosomes in the living subject will make possible 
the discovery and analysis of such cases. It is not impos- 
sible that triploid or even tetraploid individuals may be 
found in mankind, as they have been in salamanders. 
Chromosome numbers are known to vary widely in cer- 
tain species of rats and probably vary also in dogs. 

Holandrie inheritance, confined to the male line from 
father to son, is determined by genes in the non-homolo- 
gous part of the Y-chromosome. Some fourteen different 
conditions, ranging from the famous eighteenth century 
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case of ichthyosis hystrix to black hairs in the ears and 
hyperextensibility of the thumbs, are found with more or 
less certainty to be inherited in this way, at least in cer- 
tain families. In a pedigree published by Davenport 
(1924), bilateral radio-ulnar synostosis is inherited as a 
holandrie gene from father to son, every male (ten in 3 
geenerations) being affected. One of the affected sons, 
however, had two sons affected, one son normal and one 
daughter affected. The normal son and affected daughter 
ean best be explained by crossing-over of the gene from 
the Y to the X in two of the father’s germ cells. The 
evidence indicates that in certain pedigrees of Leber’s 
optic atrophy and even in one of haemophilia there can 
also be crossing-over of the gene between the X and the Y. 

Genes in the homologous part of the X or Y can ecross- 
over between these chromosomes and thus show partial 
sex-linkage, as Haldane (1936) first pointed out. Only 
about six genes have yet been assigned to this part of 
the sex chromosomes. These include total color blind- 
ness, xeroderma pigmentosum and certain forms of epi- 
dermolysis bullosa and of retinitis pigmentosa. In one 
pedigree of epidermolysis the gene is in the non-homolo- 
vous part of the Y and therefore holandric; but there was 
one cross-over to the X, since a female in the family trans- 
mitted it to a son. 

There is another aspect of general genetics to which 
human heredity has already made important contribu- 
tions, namely, in the study of unitary metabolic differ- 
ences. These inborn errors of metabolism now make a 
long list, each of which appears to be due to the absence 
of a particular enzvme. This absence breaks the chain 
of metabolic changes at a particular point, so that some 
substance is excreted which would normally be broken 
down into something else. These conditions in man in- 
elude cystinuria, alkaptonuria, xyloketosuria, tyrosino- 
sis, steatorrhoea and porphyria. Each is generally in- 
herited as a simple recessive, but some may also be 
dominant or show other complications. Porphyria, which 
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causes great sensitiveness of the skin to light, is known 
not only in man but occurs as a mutation in cattle in South 
Africa, where it is also recessive in inheritance. In some 
of these derangements the symptoms are slight or non- 
existent, whereas in phenylpyruvie amentia the results 
are very serious. One per cent. or less of mental defec- 
tives excrete phenylpyruvie acid, owing again to the 
absence of an enzyme. The condition is inherited as a 
simple recessive and the resulting mental status ranges 
from idiocy to mild deficiency. These persons also usu- 
ally have fair hair, even in Sicilians. 

Some other inherited metabolic derangements produce 
far-reaching effects but may have a basis almost equally 
simple. Gout is possible in man because of the absence 
of the enzyme uricase which converts uric acid into harm- 
less allantoin. In von Gierke’s glycogen disease of chil- 
dren there is an accumulation of glycogen in the liver and 
other organs. Similarly in Gaucher’s disease kerasin 
accumulates, in xanthomatosis and Schiiller-Christian 
disease cholesterin, in Niemann-Pick’s disease lipoids. 

The inheritance of this large group of metabolic de- 
rangements helps to link biochemistry with genetics. In 
many of these cases at least the simple absence of a par- 
ticular enzyme is involved. Here is a definite relation 
between a gene or mutation and a particular enzyme. 
Kixtensive breeding experiments and x-ray mutations 
with the ascomycetous fungus, Neurospora, have shown 
that a whole series of enzymes controlling different chem- 
ical steps in the cell can be dropped out, each by a differ- 
ent mutation. It is clear that the relation between each 
of these enzymes and its corresponding gene must be very 
close, possibly even one of identity in certain cases. By 
such methods it has been shown that the synthesis of 
arginine from ornithine takes place in the same three 
stages in the Neurospora cell as in the liver of higher 
animals. Recent further study with yeasts (Spiegelman, 
1945) suggests that the gene initiates the synthesis of a 
few molecules of such enzymes as galactozymase and 
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melibiozymase (which ferment galactose and melibiose 
respectively), their subsequent multiplication being by 
self-duplication of these enzyme molecules, presumably 
in the cytoplasm, under the influence of the substratum. 
In different strains of Neurospora such substances as 
pyridoxine, thiazole, p-amino benzoic acid and choline 
may be absent, and when these strains are crossed the 
differences segregate in simple Mendelian fashion. Thus 
it appears that many of the inherited metabolic changes 
in man have resulted from a simple biochemical change in 
the germplasm which is fundamentally genic in nature. 
It does not follow that morphological genic mutations are 
basically biochemical, although some of them may be. 
We know, on the contrary, as I formerly emphasized 
(Gates, 1931), that some are physical changes, 7.e., dupli- 
cations, deletions, ete., in a chromosome. 

A more medical aspect of human genetics is the oceur- 
rence of inherited syndromes involving two, three or 
more superficially independent germinal changes, all or 
only part of which may appear in any one individual. 
These syndromes are already numerous and are still 
multiplying in the medical literature. Possible explana- 
tions are a single gene with pleiotropic effects, or two or 
more linked genes, but neither of these hypotheses is 
always satisfactory. 

A typical hereditary syndrome is arachnodactyly 
(spider fingers) and ectopia lentis (bilateral dislocation 
of the lens of the eye). Over 200 such cases have been 
recorded in many different families. This might be 
ascribed to two dominant linked genes, especially as each 
condition is also inherited independently in certain fami- 
lies. Affected persons are generally tall and slender with 
long fingers; thev frequently have heart lesions, funnel 
ehest, hunech-back and other mesodermal abnormalities. 
Their musculature is poorly developed and they may have 
a highly arched palate or prominent ears. This pe- 
numbra of variables surrounding the two main features 
makes it possible that a single pleiotropic and labile gene 


is involved. 
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Blue sclerotics, brittle bones and deafness (otoscle- 
rosis) is another well-known syndrome with dominant 
inheritance. Brittle bones alone are inherited in some 
families. The bones fracture very easily and mend 
quickly. In one pedigree the brittleness is confined to the 
bones of the arms. Otosclerosis is an irregular domi- 
nant by itself in some pedigrees and probably recessive 
in others. It is about twice as frequent in females as in 
males, which may be merely a difference in penetrance of 
the gene in the two sexes or may result from the combined 
action of a sex-linked and an autosomal gene. The triad, 
blue sclerotis, brittle bones and otosclerosis, sometimes 
appears as a single case from normal ancestors, suggest- 
ing a single mutation involving all three conditions. One, 
two or three of these conditions may appear in any mem- 
ber of a pedigree, one family having as many as 45 af- 
fected in five generations. It will be seen that the genetic 
problems connected with hereditary syndromes are far 
from settled and require much further investigation. 
They are more fully discussed in my forthcoming work 
on ‘‘ Human Geneties.”’ 

Another condition which has been much studied is 
known as the Laurence-Moon-Bardet-Biedl syndrome, 
after those who described the first eases. The original 
paper of Laurence and Moon dates from 1866, and cases 
have since been described not only from various parts of 
Kurope and America but also from Egypt and Japan. 
Later studies disclose a pentad of conditions. Retinal 
dystrophy (which resembles retinitis pigmentosa) and 
obesity are always present. In addition genital dys- 
trophy, mental defect and polydactyly are of frequent 
occurrence in affected individuals. From the published 
pedigrees it is possible that two linked recessive genes 
are involved, one producing the ectodermal defects, 7.e., 
retinal dystrophy and mental deficiency, the other pro- 
ducing the three mesodermal abnormalities. The obesity, 
polydactyly and mental defect are all visible in childhood. 
In some of these svndromes inherited endocrine dysfune- 
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tion is probably involved as an intermediary between the 
gene and its full expression. 

The aspects of investigation in human genetics which 
have been briefly touched upon will suffice to show the 
value of experimental genetics in supplying analogical 
data for the interpretation of heredity in mankind. They 
also show that the study of human heredity can make im- 
portant contributions to general genetics in its own right. 
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SHORTER ARTICLES AND DISCUSSION 


LINKAGE RELATIONS OF FLEXED-TAIL IN 
PEROMYSCUS! 


SOME time ago one of us reported, in a joint paper with Eliza- 
beth Barto, a brief description of a tail anomaly in Peromyscus 
maniculatus which was giyen the provisional name of flexed-tail 
(Huestis and Barto, 1936). A small tabulation of I’, and test- 
cross progeny results, presented at the same time, made it prob- 
able that the tail anomaly was due to a recessive gene substitu- 
tion. This had presumably taken place in a wild mouse, some 
carrier descendant of which was trapped at Silver Lake, Oregon. 
A chance mating of cage-bred relatives of the trapped mouse 
brought the character to notice: two flexed mice appearing in a 
brood of three. 

Routine tests were made with other available mutant genes 
with no noticeable indication of linkage except in the tests with 
silver pelage. In this case a thousand F, mice were reared be- 
fore a silver-flexed individual was obtained. Test crosses of F; 
females in repulsion phase made possible by the use of this silver- 


flexed mouse, a male, gave indication of linkage of the genes being 


investigated. The cross-over percentage computed from this test 
cross progeny was 22 1.03 per cent. (Heustis and Piestrak, 
1942). Since this would not account for the seareity of F'. double 


recessives unless the cross-over percentage in I"; males was very 
low, the latter point was investigated and reported upon briefly 
elsewhere (Huestis, 1943). 

This paper presents the figures now available upon reasonably 
comprehensive tests of the cross-over incidence between flexed-tail 
and silver pelage in repulsion and coupling phases in both female 
and male parent mice. We are also including figures computed 
from an IF’, and two test eross progeny groups which indieate that 
flexed-tail is also linked with albinism. 

Various exigencies have postponed a comprehensive seareh for 
other bodily responses of mice to the gene that produces flexed 
tails. A number of facts have accumulated during the routine 

1 This research has been assisted by grants in aid from the American 
Philosophical Society and the Research Council of the Oregon State System 
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breeding work, however, which will receive a brief discussion 


before comments are made on the linkage data. 


THE FLEXED CHARACTER 

Besides the difference in linkage relations (flexed-tail in the 
house mouse is not in linkage group 1) (Snell, 1941), the initial 
idea that flexed tail in Peromyscus would prove to be develop- 
mentally homologous with the similarity named character in Mus 
has not been substantiated. A noticeable feature of the char- 
acter in the latter genus is anemia of the newborn (Hunt, Mixter 
and Perman, 1953). Flexed-tail Peromyscus young are not 
noticeably paler than normal-tailed litter mates. We have also 
made enough hemometer (and Talquist scale) measurements of 
the blood of flexed-tailed and normal Peromyscus under two 
weeks of age to be able to state that if there is a difference in 
the per cent. of hemoglobin it could only be demonstrated by 
a comparison of very large series. 

The gene for flexed-tail in Peromyscus produces disalignment 
of tail vertebrae, especially those of the distal half of the tail. 
it shortens the tail. It may produce a clockwise or anti-clock- 
wise rotation. In extreme cases this may take place through 180 
degrees so the ventral side of the tail is uppermost. When this 
rotation is combined with a flex near the base and the mouse 
picks up some mites these may be found in their usual position 
at the base of the ventral side of the tail although it is now 
dorsally oriented. The gene for flexed-tail does not, however, 
reduce the body size of the adult mice in which it shortens the 
tail. This has been shown by a comparison of the measurements 
of 150 recently killed specimens, fifty of which were flexed. 
Measurements of other dimensions on the same mice show that 
flexed-tailed mice do not differ from non-flexed in the length of 
the usually measured appendages; the foot and the ear. 

Measurements show, in addition to the facts outlined above, 
that the gene for flexed-tail is an almost complete recessive as far 
as any shortening of the tail is concerned. F, hybrid mice have 
a relative tail length which is 2 per cent. less than non-flexed 
mice, but this difference, based upon 100 individuals, is not quite 
two times its standard error. A statistical presentation of these 
‘data will be published elsewhere. 


No. 786] SHORTER ARTICLES AND DISCUSSION 


CO 


LINKAGE 

There are a number of factors which make it difficult to get 
quit comparable figures for linkage in the two sexes. Both char- 
acters overlap the normal type; silver a little and flexed some- 
what more. Most of the ‘‘dark’’ silvers can probably be iden- 
tified by microscopic examination of the hairs. We make this 
observation as a routine in doubtful cases. Tests of a somewhat 
inbred group of albino flexed mice showed that 10 per cent. of 
the young of flexed parents can not be identified as flexed by 
examination of the skin and pelage covered tail. While this 
gives us a figure to keep in mind it can not be used as a constant 
correction factor, for other groups have been shown to differ in 
the percentage of overlaps. Parents with slight flexes tend to 
throw more overlaps than those with very flexed tails, but there 
are individual differences among parents, with a similar pheno- 
type, in the percentage of overlaps thrown. 

Tails that are slightly flexed are commonest; the number of 
individual mice found being in inverse order to the expression 
of the character as judged by counts of flexes that can be seen 
and felt through the skin of the tail. For example, in 50 flexed 
mice taken at random the number of mice with one, two, three, 
four or five flexes was 19, 15, 12, 3 and 1, respectively. 

In mating routine we use a few males and relatively many 
females. Since only a few flexed male parents need be selected 
for linkage tests they will, on an average, be better flexed than 
flexed female parents. They will then presumably throw fewer 
overlaps than flexed female parents, in which group we are 
obliged by consideration of time to use all available individuals. 
Thus female cross-over percentages should be based on fewer 
overlaps and be more accurate than male cross-over percentages. 
Beides this sex difference based on parent selection, there is the 
fact that overlaps increase the calculated crossing-over percent- 
age. This is because some overlapping phenotypes which should 
be in a cross-over class will be identified in a non-cross-over class 
and some overlapping phenotypes which should be recorded as 
non-cross-overs will appear in a cross-over class. But cross-over 
types being numerically the smaller groups will, on a percentage 
basis, always gain more than they give. The smaller the per- 
centage of crossing-over the larger the gain will be. Thus male 
cross-over percentages, if smaller, will gain more than female 
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cross-over percentages. With 20 per cent. crossing-over and 10 
per cent. of flexed overlaps, four flexed silver overlaps in 100 
young would be recorded as silver and one flexed mouse recorded 
as wild type. This difference will occasion a gain of three mice 
to a cross-over class. In this case 20 per cent. crossing over would 
be calculated at 23 per cent. Similarly 10 per cent. crossing over 
would be recorded as 14 per cent., a larger error and relatively 
a much larger gain for a cross-over class. 

Flexed overlaps recorded as non-flexed may sometimes be used 
as parents being mistaken for double heterozygous genotypes. 
They will throw many (although not all) flexed young. In the 
ease of Peromyscus females, which do not produce many young, 
the mother’s genotype can not be statistically determined from 
this fact with any ereat degree of probability. Examination of 
the records of male parents with twenty or more offspring showed 
one repulsion phase individual whose record could with con- 
siderable probability be interpreted as being due to this error 
in parent selection. Sixty-five per cent. of his 40 test cross young 
were flexed. These have not been included in the tables we are 
presenting. There was another possible case. We have no crit- 
ical data available with which to estimate the effect of chance 
choosing of overlap phenotypes for parents. 

Between the date of birth and the date of phenotype identifica- 
tion, which must be at least three weeks later when silver progeny 
are to be examined, some loss of young occurs. This loss, in our 
experience, is more liable to occur in the mutant phenotypes and 
this will alter the balance of test cross classes. The percentage 
of silver phenotypes was apparently not greatly altered in these 
test crosses by differential viability or overlapping, sinee 49 per 
cent. of 866 mice was silver when 50 per cent. was expected. 
Forty-four per cent. of the 866 was flexed when 50 per cent. was 
expected. This represents a 12 per cent. loss presumably due to 
identification of overlapping phenotypes as non-flexed young, and 
differential viability. 

The data are assembled in Table 1. Crossing-over percentages 
in the production of female gametes are reasonably similar in-the 
two linkage phases, the difference between them being 2.2 + 3.64 
per cent. 

The percentages of crossing over in the males are smaller than 
in the females, as is expected in the heterogametic sex. Male 
coupling and repulsion phases exhibit a cross-over difference of 
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8.0 + 4.69 per cent. This difference is almost twice its standard 
error and has not been accounted for. There are also some other 
progeny class irregularities which, while they do not greatly les- 
sen the probability of linkage, represent somewhat disconcert- 
ing effects of factors which we would like to eliminate from our 
breeding tests. 
TABLE 1 
TEST CROSSES OF Fi MICE MATED WITH DOUBLE RECESSIVES 
Offspring 


phase Sex Not flex 


Flexed Per cent. 


or Flexed Silver N. 
Slivel 
Coupling F1 138 41 60 126 865 27.7+2.3 
Repulsion F 3 63 98 21 216 25.9 2.96 
Coupling F S4 17 7 57 165 14.5+2.73 
Repulsion F 18 46 47 9 120 22.5 + 3.81 


LINKAGE OF FLEXED TAIL AND ALBINISM 
We have not as many tests or as many individuals with which 
to demonstrate this linkage as was the ease with flexed-tail and 
silver pelage but each of three different experiments exhibit the 
probability of linkage. These experiments include an F. 
progeny from parents in repulsion phase and two _ test-cross 
progenies; one from each sex in repulsion phrase. The data 


( 'rOSS- 


are tabulated with chi square calculations in Table 
over percentages are 40.7 14 in females and 30.0 +5.5 in 
males. 

TABLE 2 


Cur SQUARE DETERMINATIONS OF AN Fe AND TWO OTHER REPULSION PHASE 
I S WHICH SHOW LINKAGE OF FLEXED-TAIL AND ALBINISM 


‘ Obs. Exp. (x—m) 
freq. (x) freq. (m) Deviation m 
Not flex or alb. .... 47 d5.1 - 8.1 1,197 
Flexed 2 18.4 4.6 1.164 F 
Albino 26 18.4 7.6 3.164 Raniisi 
Alb. fie 2 6.1 4.1 2.778 Secs 
98S 98.0 0.0 8.808 P 05 
Not flex or alb. .... 34 30.75 343 
Flexed .. $3 £.S80 Female 
RIDING 30 80.75 O18 Repulsion 
Alb. tlex 16 30.75 7.075 
23 123.00 0.0 12.316 P> .O] 
Not flex or alb. .... 14 17.5 ao 700 
26 17.5 8.5 4.1°S Male 
23 17.5 5.5 1.728 Repulsion 
7 17.5 — 10.5 6.300 
70 79.0 0.0 12.856 P>.01 
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The probability that flexed-tail is linked with albinism gives us 
four known gene loci on chromosome 1 of Peromyscus manicu- 
latus: albinism, pink eye dilution, silver pelage and flexed-tail 
(Barto, 1941). Albinism is epistatie to pink eye dilution and 
both albinism and pink eye dilution are epistatie to silver pelage 
and all other known pigment characters. Since fixed-tail is 
neither epistatic nor hypostatic to any of the others it will be 
the easiest locus to use in testing for the chromosomal position 
of other gene loci. 

SUMMARY 

1. Flexed-tail in Peromyscus maniculatus is linked with silver 
pelage. 

2. The cross-over percentages caleulated from female repul- 
sion and coupling phases were 25.5 and 27.7 per cent., respec- 
tively. 

3. The cross-over percentages calculated from male repulsion 
and coupling phases were 22.5 and 14.5 per cent., respectively. 

4. It was shown how these caleulated percentages have prob- 
ably been increased by the presence of normal overlaps among 
the flexed genotypes. 

5. Flexed tail in Peromyscus maniculatus is linked with albin- 
ism. 

6. The calculated percentages of crossing-over were 40.7 per 
cent. in females and 30.0 per cent. in males, both sexes having 
the linked genes in repulsion phase. 

7. Chromosome |. of Peromyscus maniculatus now has four 
known loci: albinism, pink eye dilution, silver pelage and flexed- 
tail. 

R. R. Huestis 
Greta LINDSTEDT 


UNIVERSITY OF OREGON 
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DOMINANCE AND HETEROSIS 


Wuen Mendel introduced the terms ‘‘dominant’’ and ‘‘reces- 
sive’’ he was concerned with single gene differences where the 
heterozygote so closely resembled one of the true breeding paren- 
tal forms in character that the other ‘‘either escapes observation 
completely or can not be detected with certainty’’ (translation 
in Bateson, 1909). Thus dominance, as Mendel observed and 
deseribed it, was complete or virtually so. This acceptance of 
complete dominance as the standard for judging the relation of 
heterozygous and homozygous phenotypes is emphasized by Bate- 
son’s (1909) use of the term ‘‘imperfect dominance’’ to describe 
the situation where the heterozygote is manifestly intermediate 
in character. As used in this way the concept is precise and 
departures from dominance are readily recognizable. 

Even, however, leaving aside the special use made of the term 
dominant by the Drosophilists in deseribing mutant genes, domi- 
nance has now come to be employed in a wider connotation. This 
is especially true in the study of quantitative inheritance where 
the genetic differences must be attributed to the simultaneous 
action of a number of genes none of which is consistently distin- 
guishable from its fellows in experiment. Moreover, the stand- 
ard of reference has been moved from that of complete dominance 
to the level where dominance is absent. These changes though 
gradual have not been made without confusion. It is therefore 
profitable to examine in a brief way some of their consequences 
and implications. 

In the first place where several genes are either known or may 
be supposed to be acting, as is the ease with quantitative charac- 
ters, the ‘‘dominance’’ of the set of genes derived from one parent 
over those from the other must be a compound phenomenon. As 
Powers (1944) points out, ‘‘both intra-allelic and inter-allelic 
interactions may be involved’’: the observed ‘‘dominance’’ is 
not a property of any one gene, but of all the genes acting as a 
set. In this usage the term loses much of its precision, for clearly 
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even where inter-genic interaction is absent, the observable 
‘*dominance’’ is the average of the dominances of the individual 
genes. There is no reason to suppose that these genes will all 
show dominance either to the same degree or in the same direction. 
Indeed, both theoretical considerations and such observations as 
have been made suggest that the dominance relations of the indi- 
vidual genes affecting one character may be varied (see Mather, 
1943). Where inter-genie interaction also comes into play the 
situation must be even more complex. 

There is, therefore, much to be said for restricting the term 
dominance to the description of single gene relations, and usine 
a separate term to describe cases where several genes are in- 
volved. Wigan (1944) has proposed the term ‘‘potence’’ for 
the integrated dominance effect of all the genes in such cases. 

This distinction is all the more important as it is possible to 
investigate, at least within certain limits, the dominance relations 
of individual genes producing similar and analytically indistin- 
enishable effects, as well as to observe their joint potence (Fisher, 
Immer and Tedin, 1932). For our present purpose, however, it 
is sufficient to note that although dominance of individual genes 
need not result in potence of a set of them (since dominance in 
the two directions may be balanced), the occurrence of potence 
in any direction must imply a preponderance of dominance in 
that direction, except perhaps in cases with special types of mter- 
eenie interaction. Thus the observation of potence must be 
held generally to inelude the observation of corresponding domi- 
nanee, though the converse is not true. 

Secondly, we must consider the transference of the standard 
of reference from complete dominance to that of no dominance. 
The former is not difficult to define sufficiently well for ordinary 
use, as Mendel showed. It demands no scale of measurement 
because only two classes of gene are recognized, those which are 
dominant and those which are, in Bateson’s terminology, imper- 
fectly so. Wecan, of course, attempt to discriminate degrees of 
imperfect dominance, whereupon a scale becomes necessary, but 
this is not essential to the definition of the starting point. 

The absence of dominance, however, presents more difficulties 
of definition. It is easy to see that the F, should be midway 
between the two parents, but this is not of itself a sufficient 
definition. When the heterozygote is intermediate between the 
two homozygotes, either allelomorph may easily be judged to be 
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partially dominant or dominance may be judged to be absent, 
according to the scale we choose for measuring the expression of 
the character by means of which the genic difference is detected. 
To take an example, suppose that the character shows expressions 
of 1 and 9 in the two homozygotes, and 4 in the heterozygote, on 
the scale we happen to find convenient for measurement. Then 
on this scale the allelomorph making for lower values must be 
judged partially dominant, as 5 is the point midway between 1 
and 9. If, however, we suspect that gene action is geometrically 
rather than arithmetically cumulative, and consequently take 
logarithms of our observations (this being a common practice 
in the study of quantitative inheritance) values of 0, 0.60 and 
0.95 are obtained, whereupon it seems clear that the allelomorph 
makine for higher values is partially dominant. Finally, if 
neither of these scales seems appropriate and we transform: the 
metric by taking square roots, the series becomes 1, 2 and 3. 
Dominance now appears to be absent. Similar examples can 
be developed at will. 

Thus before we can define the midway point, at which domi- 
nance is absent, it is necessary to decide on the scale or metri¢ 
which is to be used in representing the degrees of expression of 
the character in question. It is clearly unsafe, in the absence of 
other justification, to regard any scale, which we may find con- 
venient for use with the measuring instruments at our disposal, 
as appropriate to the representation of the action of the genes 
involved; the organisms need not develop in accordance with any 
systems we choose to consider. Indeed we have no reason to sup- 
pose that all the genes affecting a character operate on the same 
scale. There is therefore no @ priort method of sealing. It is 
necessary to use the scale which seems analytically most appro- 
priate to the character under investigation, remembering always 
that at best this scale, when found, may only represent some com- 
bination or integral of the various scales on which different genes 
are in fact operating. This principle is tacitly recognized in the 
discussions in various investigations of quantitative inheritance 
as to whether the arithmetic seale used in taking the measurements 
or its logarithmic transformation is the more appropriate for 
measuring character expression. But it is necessary to go beyond 
the point reached by these discussions and to realize, as Powers 
(1941) has done in his tomato investigations, that neither the 
arithmetic nor logarithmic scales may be appropriate, with the 
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corollary that some other transformation of the data would be 
more valuable. 

This, of course, raises the question of how a scale appropriate 
to the detection and measurement of dominance can be discov- 
ered. Quite obviously dominance relations themselves can not 
be made the basis of the method of sealing. Where, however, 
several genes are acting, as in quantitative inheritance, scaling 
can be undertaken on the basis of inter-genic relations. The most 
reasonable scale to adopt would appear to be that on which the 
average effect of any gene substitution is constant over the range 
of variation of character expression. This demands that the in- 
dividual effects of the various genes are simply additive on the 
seale in question. Since non-additiveness of genie effects is a 
main source of what Fisher, Immer and Tedin (1932) and Mather 
(1943) term metrical bias, an appropriate scale could be achieved 
by finding a transformation which eliminated or at least mini- 
mized metrical bias. 

if genie interactions of the complementary or epistatic types 
are regarded as being involved, it may be impossible to find a 
wholly satisfactory transformation; but provided we are pre- 
pared to accept an average transformation the problem would 
seem capable of solution. It may be remarked too, that no quan- 
titative data from breeding experiments have yet been shown to 
be incapable of a transformation which would serve to eliminate 
metrical bias. The possibility of such genic interaction does, 
however, serve to emphasize that even a transformation satisfac- 
tory for the analysis in hand need not do more than lead to an 
approximation of the scale or scales on which the genes are work- 
ing. We must therefore be cautious in drawing conclusions 
about the physiology of gene action and interaction from such 
ealeulations. 

With all its possible imperfections such a method of scaling 
does provide us with an objective means of defining the situation 
where dominance is absent sufficiently well for practical use. It 
is the situation where for any gene the heterozygote is, on this 
scale, midway in expression between the two homozygotes, obser- 
vations being made on all three genetic types over the same range 
of environments. The use of a scale which removes metrical bias 
has the further theoretical advantage, in the study of variability, 
that the ‘‘genotypic’’ variation (Fisher, 1930) is thereby reduced 
’ variation, on which the breed- 


in relation to the basic ‘‘ genetic’ 


No. 786] SHORTER ARTICLES AND DISCUSSION 95 


ing potentialities of the organism depend. Prediction of breed- 
ing behavior thus becomes more accurate. 

In his consideration of yield in maize Powers (1941) finds that 
the yields themselves show no marked metrical bias, and hence 
rescaling is unnecessary. Data on various quantitative charac- 
ters in tomato erosses, however, were found to show marked 
metrical bias. This was largely removed by a logarithmic trans- 
formation, though even then a small residual bias was still de- 
tectable. These logarithmically transformed figures, though not 
wholly free from bias, are clearly, on our eriterion, to be pre- 
ferred for the consideration of dominance relations. 

This is also true of the tomato examples cited by Powers (1944) 
where he considers yield as the product of two quantitative sub- 
characters, ripe fruit number and size of fruit. One of these 
examples (cross 4102x4110) shows heterosis for fruit yield, 
though the sub-characters when taken separately show potence, 
and hence preponderant dominance, in the direction of reduced 
number and size of fruit on the untransformed seale. If this 
scale is accepted as appropriate it means, as Powers points out, 
that dominance in a particular direction is not a necessary con- 
dition for the occurrence of heterosis in that direction. Before, 
however, this conclusion is finally accepted and Jones’s hypothe- 
sis, that heterosis is the outcome of dominance of the controlling 
genes, is modified, it is worth considering the effects of logarith- 
mie transformation, which, as we have seen, largely removes 
metrical bias. 

It is unfortunately impossible to make a rigorous examination 
on any transformed scale, as Powers presents his data in the form 
of means and their standard errors; but something can be learned 
of the effects of logarithmic transformation in modifying our 
judgment on the question of potence and dominance. 

TABLE 1 


Ripe fruit Size Yield 

4102 0.64 2.14 2.18 

1.69 


Mean of parental values ...... 1.54 


Table 1 gives the logarithms of the parental and F, means in 
the cross 4102 x 4110 from Powers’s Table 1. Yield, of course, 
still shows heterosis; but with both sub-characters the log of the 
F’, mean is higher than the mean of the transformed parental 
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values. Some caution is necessary in interpreting these results, 
because the log of the mean is not the same as the mean of the 
logs unless individual values are identical. Where the logarithms 
are normally distributed the log of the mean will be somewhat 
ereater than the mean of the logs, the difference being a function 
of the variance of the distribution of the logs. It is impossible 
to say precisely how far this affects the conclusions to be drawn 
from Table 1; but it at least seems likely that in the case of fruit 
size there would be no potence and preponderant dominance of 
small size, and that with fruit number potence and dominance 
would remain towards greater number on this transformed scale. 

Thus, so far as can be determined from the data as presented, 
the preponderance of dominance goes hand in hand with heterosis 
on the scale obtained by a transformation which greatly reduces 
metrical bias. A transformation which eliminated bias would 
appear likely to change the situation only in that it would em- 
phasize the preponderance of dominance of greater number and 
perhaps even show a similar effect of greater size. It would 
therefore be unwise to conlude that a body of data demands a 
modification of Jones’s hypothesis until it has been shown that 
the transformation necessary to remove, or at least minimize, 
metrical bias still leaves dominance either absent or preponder- 


antly opposed in direction to the observable heterosis. Indeed 
the use of an appropriate method of scaling would appear to be 
a first step essential to the consideration of dominance or any 
other phenomenon in data on quantitative inheritance. 

K. MATHER 
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